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ABSTRACT 


The  polar  orbiting  Swedish  research  satellite,  Viking,  obtained 
extensive  data  on  auroral  zone  phenomena.  Data  from  the  Viking  Hot 
Plasma  Experiment  have  been  analyzed  to  investigate  auroral  acceleration 
and  the  transport  of  plasma  between  the  ionosphere  and  magnetosphere.  A 
detailed  statistical  study  was  made  of  the  relative  location  of  'onospheric 
ion  acceleration  with  respect  to  various  magnetospheric  plasma  boundary 
signatures.  The  results  indicate  that  the  ion  acceleration  occupies  a  much 
wider  latitudinal  extent  of  the  auroral  zone  than  is  expected  by  many 
current  models;  and  that  the  regions  of  ion  acceleration  arc  ordered  by, 
and  move  with,  several  magnetospheric  plasma  boundaries.  Multi¬ 
spacecraft  analyses  of  transverse  ion  acceleration  by  broadband  low- 
frequency  waves  have  been  performed  and  indicate  that  this  mechanism  is 
an  important  factor  in  transporting  plasma  into  the  magnetosphere. 


1 


BACKGROUND 


On  February  21,  1986  the  Swedish  research  satellite,  Viking,  was 
launched  to  study  ionospheric  and  magnctospheric  processes  at  high 
latitudes.  A  summary  of  the  Viking  scientific  objectives  and  its 
instrumentation  is  given  in  Reference  1,  which  is  attached  as  Appendix  D, 
Both  the  polar  elliptical  orbit,  with  an  apogee  of  approximately  15,000 
kmM  and  the  instrument  complement  were  particularly  suited  to  in  situ 
studies  of  the  complex  physical  processes  associated  with  the  auroral 
acceleration  region.  Of  particular  interest  is  Viking's  coverage  of  the 
important  altitude  regior  above  the  8,000  km.  limit  of  the  pioneering 
measurements  made  by  C  ,VIR  instruments  on  S3-3. 

During  the  normal  Viking  operational  period,  which  ended  in 
December  1986,  several  "campaigns"  addressed  specific  scientific 
problems.  During  each  campaign  particular  instrument  modes  were 
selected  under  real  time  control  of  the  investigators,  in  coordination  with 
operations  by  ground  based  instillments  and  other  satellites,  in  order  to 
gain  detailed  information  on  particular  phenomena  and  in  response  to 
questions  raised  by  earlier  measurements. 

The  Viking  instrument  complement  was  very  complete,  with 
measurements  of  electric  and  magnetic  fields;  plasma  density,  composition, 
and  distribution  functions;  electric  and  magnetic  waves;  and  ultraviolet 
images  of  the  aurorae.  The  five  instrument  groups,  designated  VI  -  V5, 
are  summarized  in  Table  1. 

The  Lockheed  Palo  Alto  Research  Laboratory  (LPARL)  received 
partial  support  from  ONR  to  build  the  onboard  data  processing  unit  for  the 
"  V3"  group  of  instruments  which  are  dedicated  to  the  measurements  of  hot 
plasmas.  The  measurement  capabilities  of  the  V3  instrument  group  are 
summarized  in  Table  2. 

As  Co-Investigators  on  the  V3  team,  LPARL  has  collaborated 
extensively  with  the  Swedish  Institute  of  Space  Physics  (in  Swedish: 
Institutct  for  rymdfysik  —  "IRF")  in  the  exchange  of  data  and  the  analysis 
of  several  topics  of  interest.  We  have  also  collaborated  with  several  other 
groups  whose  data  from  other  instruments,  both  on  Viking  and  other 
satellites,  provide  important  complementary  information  to  the  V3  results. 

In  August  of  1986,  LPARL  received  an  ONR  contract  (N00014-86-C- 
0159)  to  perform  preliminary  analysis  of  data  from  the  Viking  hot  plasma 
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TABLE  1 


Viking  Experiment  Summary 

VI  Eleccric  Field  Veccor  Experinent: 

Quasiscacic  eleccric  field  with  three  componenc  veccor  measurements, 
including  swept  E-field  probes  for  plasma  density  oeasureacncs. 

L.  Block,  Principal  Investigator 

V2  Magnetic  Field  Experiment: 

Precision  measurements  of  the  veccor  magnetic  field  for  studies  of  the 
field  aligned  eleccric  currents  u  *,d  determination  of  particle  pitch  angles. 
T.  A.  Pocenra,  Principal  Investigator 

Y3  Hoc  Plasma  Experiments: 

Lou  energy  particle  spectrometers,  energetic  ion  composition  spectrometers 
and  high  energy  particle  detectors  to  provide  measurements  of  the  plasma 
distribution  functions  and  ion  composition. 

R.  Lundin,  Principal  Investigator 

i 

VA  Wave  Experiments: 

Lou  and  high  frequency  wave  experiments,  An/n  probes  and  a  resonance 
experiment  to  determine  plasma  instabilities,  wave  generations, 
uave/parcicle  interactions  and  plasma  densities. 

(  High  frequency  part  -  A.  Bahnsen,  Principal  Investigator 

Lou  frequency  part  -  B.  Holback,  Principal  Invescigacor 

V5  Ultraviolet  Auroral  Imager: 

Measurement  of  the  distribution  of  auroral  emissions  in  ultraviolet  light. 
C.  D.  Anger,  Principal  Invescigacor 
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TABLE  2 


Hoc  Plasna  Experiment 
Unlc  Measurement  Objectives 

V3-1  Energy-  and  pitch  angle  distribution  of  electrons  with  a  high 

spectral  resolution  (AE/E  “  0.05).  From  “10  eV  to  “40  keV  in  up  to 
128  energy  levels. 

V3-2  Energy-  pitch  angle  distribution  of  electrons  with  a  high  angular 
resolution  (Aa  £  2°)  fron  “0.1  keV  to  “300  keV  in  16  energy  levels. 

V3-3  Energy-  pitch  angle  distribution  of  energetic  positive  ions.  Fron 
“40  eV  to  “40  keV  in  up  to  64  energy  levels  (AE/E  £  0.08,  Aa  £  6°). 

V3-4  3-Dimensional  distribution  function  measurements  of  positive  ions 
from  “1  eV  to  10  keV  in  up  to  32  energy  levels. 

V3-5  Measurements  of  the  energy  and  pitch  angle  distribution  of  Jrt  ,  He 

a.  a. 

He  and  0  fron  “50  eV/q  to  20  keV/q  in  up  to  16  energy  levels  (Aa 
“6°-l2°). 

V3-6  Detailed  ion  composition  measurements  from  “1  eV/q  to  “70  keV/q  in  up 
to  32  energy  levels  (M/aM  “  1-7  for  energies  less  chan  “20  keV/q). 

V3-7  Detailed  composition,  energy-  pitch  angle  distribution  measurements 
of  energetic  positive  ions  from  10  keV/nucleon  to  10  MeV/nucleon. 
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instruments  and  to  evaluate  specific  events  and  phenomena  as  candidates  for 
more  detailed  investigation.  Based  on  a  proposal  dated  January  15,  1987, 
this  contract  was  extended  to  allow  detailed  investigation  of  the  V3  data. 
The  results  of  this  investigation  arc  described  in  the  following  section. 
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PROGRESS 


DATA  BASE  AND  ANALYSIS  TOOLS 

The  main  operational  period  of  Viking,  during  which  science 
instruments  were  operated  essentially  continuously,  extended  from  launch 
in  February,  1986  until  December,  1986.  A  broad  array  of  tools  have 
been  developed,  both  at  Lockheed  and  at  the  Swedish  IRF,  for  the  display 
and  analysis  of  these  data. 

In  order  to  survey  the  data  and  to  select  events  for  more  detailed 
investigation,  IRF  developed  a  set  of  microfiche  for  over  1500  orbits. 

There  are  several  types  of  microfiche  formats,  with  10-20  frames  for  each 
orbit.  A  "summary"  display  presents  selected  key  data  from  all  Viking 
instruments,  in  addition  to  grayscale  output  from  the  imager.  A  separate 
set  of  microfiche  displays  very  complete  V3  data  in  the  form  of  color 
spectrograms  for  both  ion/clectron  (non-mass  resolved)  as  well  as  ion 
composition.  These  V3  spectrograms  provide  very  good  time  and  energy 
resolution,  enabling  immediate  identification  of  pitch  angle  structure,  ion 
and  electron  population  boundaries,  and  various  convection  signatures. 

A  quantitative  analysis  of  the  V3  data  may  be  performed  using  data 
from  the  "Data  Summary  Files"  that  were  provided  by  IRF  on  magnetic 
tapes.  A  description  of  the  contents  of  these  files  is  included  as  Appendix 
C.  We  developed  under  this  contract  several  software  modules  to  extract 
data  from  these  tapes  and  to  process  it  into  several  formats.  In  addition  to 
making  various  detailed  line  plots,  for  instance  flux  versus  energy,  the  tape 
handling  software  also  added  information  from  each  tape  processed  to  a 
database  that  serves  as  an  index  to  the  data  contained  on  the  tape.  The 
Swedish  IRF  contributed  supplementary  data  display  formats  for  various 
specialized  analyses  of  plasma  characteristics. 

Figure  1  is  an  example  of  electron  displays  for  orbits  176  and  849. 

This  type  of  plot  is  extremely  useful  for  analyzing  the  details  of  the 
electron  pitch  angle  structure.  In  particular,  the  plots  provide  a  very 
convenient  means  for  comparing  the  pitch  angle  character  in  different 
energy  ranges. 

Coordinated  studies  between  Viking  and  other  satellites  frequently 
require  knowledge  of  two  or  more  satellites'  orbital  tracks  and  the  relative 
timing  of  their  passage  through  particular  regions.  The  most  common 
requirements  are  to  assess  the  conjugacy  of  satellites  along  a  magnetic  field 
line,  or  to  clarify  the  timing  of  their  passages  through  particular  loc'J  time 
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or  magnetic  latitude  regions.  The  principal  satellites  used  for  comparison 
with  Viking  arc  SCATHA,  to  provide  equatorial  data  during  a  Viking  cut 
through  the  auroral  zone,  and  Dynamics  Explorer,  to  give  comparative 
auroral  zone  data  from  a  different  altitude  or  the  conjugate  hemisphere. 

In  order  to  evaluate  Viking's  orbits  with  respect  to  other  satellites  we 
have  developed  software  to  plot  the  orbital  tracks.  An  example  is  shown  in 
Figure  2.  The  figure  displays  20  minute  segments  of  the  Viking  and 
Dynamics  Explorer  orbits  as  they  pass  through  high  latitude  field  lines  in 
opposite  hemispheres.  The  top  two  panels  show  the  orbits  as  viewed  from 
18:00  and  12:00  local  time.  Magnetic  field  lines  intersecting  the  orbits  are 
traced  at  10  minute  intervals.  The  lower  left  panel  displays  the  orbital 
paths  in  local  time  and  invariant  latitude.  The  case  shown  is  for  a  perk  d 
that  was  investigated  by  the  ninth  Coordinated  Data  Analysis  Workshop 
(CDAW-9).  A  discussion  of  the  CDAW-9  analysis  is  presented  in  a  later 
section. 


LOCATIONS  OF  ION  ACCELERATION  WITH  RESPECT  TO  PLASMA 
BOUNDARIES 

In  many  ways  the  Viking  program  represents  a  natural  follow-on  to  the 
extraordinarily  rich  S3-3  mission.  Among  the  many  key  results  of  S3-3 
was  the  identification  of  auroral  ion  acceleration  processes  extending  over 
a  very  sizable  range  of  latitude/local  time  space.  It  was  also  clear  from 
S3-3  that  these  processes  were  operative  throughout  a  surprisingly  large 
altitude  region,  to  well  above  the  8,000  km  S3-3  apogee.  The  Viking 
b  irumentation  suite  and  orbit  were  chosen  to  address  many  of  the 
questions  that  were  raised  by  the  S3-3  results.  In  particular,  the  orbit 
significantly  extends  the  altitude  coverage  and  provides  apogee  precession 
through  auroral  latitudes  early  in  the  mission. 

Figure  3  illustrates  the  variation  throughout  the  main  Viking 
operational  period  of  two  of  the  orbital  parameters  that  serve  as  selection 
criteria  for  studies  of  auroral  processes.  The  top  portion  of  the  figure 
shows  magnetic  local  time  of  Viking  equator  crossings,  thus  indicating  the 
local  time  orientation  of  the  orbit.  The  bottom  portion  of  the  figure 
displays  the  latitude  of  apogee,  which  provides  an  indication  of  the  altitude 
at  which  the  auroral  region  is  sampled  at  various  periods.  One  can  see 
from  Figure  3  that  within  approximately  the  first  hundred  days  of  the 
mission,  Viking's  apogee  moved  through  auroral  latitudes  while  in  the 
dawn  local  time  region.  As  described  below,  this  period  provided  an 
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MAGNETIC  LOCAL  TIMES  OF  EQUATOR  CROSSINGS 


excellent  data  set  for  an  analysis  of  the  location  of  auroral  ion  acceleration 
with  respect  to  plasma  boundaries. 

Morphological  studies  on  S3-3  and  following  missions  have  determined 
in  some  detail  the  statistical  locations  of  auroral  ion  acceleration  and  the 
resulting  outflow  of  ionospheric  plasma  into  the  magnetosphere. 

Equatorial  satellites  at  geosynchronous  orbit  and  higher  altitudes  have 
observed  these  ions  as  they  become  part  of  the  trapped  magnetosphcric 
plasma  populations,  however  there  is  a  good  deal  of  uncertainty  about  the 
equatorial  distribution  of  ionospheric  plasma  injection.  Workers  with  both 
equatorial  and  polar  orbiting  spacecraft  have  devoted  considerable  effort  to 
identifying  the  plasma  characteristics  of  various  regions  (e.g.  plasma  sheet, 
tail  lobes,  polar  cap,  auroral  zone).  However  a  mapping  between  the 
equatorial  and  polar  data  is  exceedingly  difficult.  There  is  considerable 
controversy  about  the  identification  of  various  equatorial  plasma 
populations  with  their  counterparts  observed  at  high  latitudes  from  polar 
orbit.  Thus  it  is  quite  difficult  to  make  full  use  of  the  ionospheric  outflow 
data  in  models  of  magnetospheric  plasma  transport. 

In  order  to  clarify  the  latitudinal/L-shell  location  of  ionospheric 
outflow  with  respect  to  magnetospheric  plasma  populations  we  have 
performed  a  detailed  study  of  40  days  of  Viking  data,  representing  some  89 
cuts  through  the  northern  hemisphere  auroral  zone  for  which  data  are 
available.  For  each  pass,  we  identified  the  latitudinal  positions  of  all 
occurrences  of  upflowing  ions,  together  with  the  positions  of  several  types 
of  plasma  populations.  In  contrast  to  previous  studies  showing  the 
statistical  latitudinal  positions  of  ion  outflow,  this  database  provides  a 
means  to  evaluate  directly  the  relative  position  of  ion  acceleration  with 
respect  to  key  plasma  populations.  This  provides  the  opportunity  to 
evaluate  in  a  statistically  meaningful  fashion  the  locations  of  ion  outflow  as 
it  maps  into  the  magnetosphere.  Previous  analyses  of  this  type  have  been 
limited  to  a  few  case  studies. 

The  results  of  this  study  were  reported  to  the  scientific  community  in 
References  3  and  6.  A  copy  of  the  manuscript  for  Reference  6  is  attached 
as  Appendix  A.  Some  of  the  principal  results  of  this  study  arc  the 
following: 

On  the  dawn  side,  upflowing  ions  typically  occur  over  a  5 
degree  extent  of  invariant  latitude.  This  is  in  contrast  to  theories 
which  predict  auroral  ion  acceleration  mechanisms  to  be  limited  to 
very  narrow  regions,  for  instance  in  association  with  discrete  auroral 
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arcs.  While  some  orbits  do  show  only  narrow  regions  of  upflow  (1 
degree  or  less),  others  show  a  very  wide  latitudinal  extent. 

The  dawn  ion  upflow  is  ordered  by,  and  moves  with,  the 
poleward  boundary  of  continuous,  >  IkeV,  ions.  The 
occurrence  frequency  distribution  is  centered  on  this 
boundary,  and  is  approximately  symmetric  about  it.  The 
occurrence  frequency  distribution  about  the  continuous  ion  boundary  is 
much  narrower  than  the  raw  latitudinal  distribution,  and  is 
approximately  the  same  width  as  the  average  typical  latitudinal  extent. 
TTius  the  continuous  ion  boundary  is  closely  coupled  with  the  upflowing 
ion  location.  The  upflow  is  also  well  ordered,  although  not  quite  as 
well,  by  the  poleward  boundary  of  continuous  electrons.  The  locations 
of  the  continuous  ion  boundaries  and  continuous  electron  boundaries 
are  well  correlated  with  each  other.  The  continuous  ion  boundary  is  on 
average  1.5  degrees  poleward  of  the  continuous  electron  boundary. 

The  latitudinal  width  of  ion  upflow  is  well  correlated  with 
magnetic  activity  (Kp  and  Ae).  The  average  width  during  quiet 
periods  is  3.5  degrees,  increasing  to  approximately  6  degrees  during 
active  times. 

The  results  obtained  on  the  dawn  side  from  the  Viking  data  are 
complementary  and  in  general  agreement  with  other  investigations 
performed  for  the  dusk  region  using  S3-3  data  (References  2  and  7).  It  is 
expected  that  these  analyses  of  the  locations  of  ion  upflow  with  respect  to 
plasma  boundaries  will  provide  an  important  key  to  the  understanding  of 
the  mapping  and  plasma  transport  between  the  auroral  zone  and  the  outer 
magnetosphere. 


Beginning  with  S3-3,  data  from  polar  orbiting  satellites  have  indicated 
that  upflowing  ions  frequently  contain  strong  signatures  of  transverse 
energization.  That  is,  in  addition  to  the  magnetic  field  aligned  distributions 
that  result  from  acceleration  by  parallel  electric  fields,  the  ion  pitch  angle 
distributions  are  often  peaked  at  some  angle  other  than  the  field  aligned 
direction.  These  distributions  may  be  simple  "conics"  in  which  all  energies 
are  peaked  at  the  same  pitch  angle,  indicating  a  transverse  acceleration  at 
some  relatively  localized  altitude  below  the  spacecraft;  or  they  may  include 


more  complex  energy-angle  structure  such  as  results  from  combinations  of 
parallel  and  transverse  energization  over  a  range  of  altitudes. 

In  recent  years  there  has  been  considerable  interest  in  understanding 
the  transverse  energization  of  ions  through  their  interaction  with  low 
frequency  waves.  The  Viking  data  provide  an  excellent  opportunity  to 
study  this  phenomenon  in  coordinated  investigations  with  simultaneous  data 
from  other  spacecraft.  In  particular,  the  ninth  Coordinated  Data  Analysis 
Workshop  (CDAW9)  provided  an  opportunity  to  investigate  wave  driven 
ion  heating  at  the  time  of  substorm  onset. 

The  Coordinated  Data  Analysis  Workshop  (CDAW)  is  an  ongoing 
program  to  gather  data  and  investigators  from  a  large  number  of  spacc- 
and  ground-based  instrument  groups  to  analyze  one  or  more  selected  events 
of  interest  in  great  detail.  T>  focus  is  often  on  substorm  initiation  and 
dynamics.  CDAW9-D  addressed  a  substorm  that  occurred  on  May  4,  1986, 
beginning  as  Viking  and  Dynamics  Explorer  (DE)  were  traversing  high 
latitude  field  lines  near  the  dawn-dusk  plane.  Viking  was  in  the  northern 
hemisphere  near  dawn,  while  DE  was  in  the  southern  hemisphere  near  dusk 
(see  Figure  2).  Shortly  following  the  substorm  onset,  identified  in  the 
Viking  images  at  11:53  UT,  both  Viking  and  DE  observed  "ion  bowl"  type 
pitch  angle  distributions.  Intense  electric  and  magnetic  field  turbulence 
was  observed  below  the  Oxygen  gyrofrequency  by  both  satellites.  The  data 
would  appear  to  indicate  that  global  wave  activity  associated  with  the 
substorm  onset  is  responsible  for  the  creation  of  the  transversely  energized 
ion  populations  seen  at  both  spacecraft.  However,  the  time  between  the 
substorm  onset  and  the  observation  of  the  energized  ion  populations  (4 
minutes)  is  too  short  for  any  of  the  standard  substorm  models.  As  the 
SCATHA  satellite  also  observed  magnetometer  signatures  from  a  position 
sunward  of  Viking  and  DE,  it  may  be  that  another  interpretation  is 
required.  The  results  of  this  study  were  presented  to  the  scientific 
community  (Reference  4)  and  are  the  basis  of  an  ongoing  dialog  among 
many  researchers  associated  with  CDAW9. 

In  order  to  confirm  the  viability  of  low-frequency  broadband,  waves  as 
a  heating  mechanism  for  ion  conic  distributions,  we  have  collaborated  with 
a  number  of  investigators  in  comparing  observed  conic  distributions  with 
theoretical  predictions.  A  detailed  analysis  of  one  conic  observed  during  a 
cusp/cleft  crossing  has  been  performed  and  reported  in  Reference  5. 
Observed  cool  0+  distributions  and  observed  wave  intensities  were  used  as 
input  to  a  Monte  Carlo  simulation.  The  hot  0+  distributions  resulting 
from  this  simulation  are  in  good  agreement  with  the  corresponding 


13 


observed  distributions.  We  believe  that  these  and  other  collaborative 
investigations  show  that  resonant  heating  by  broadband  low-frequency 
waves  is  an  important  mechanism  in  the  outflow  of  ionospheric  ions  into 
tire  magnetosphere. 
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ABSTRACT 

Ion  data  from  the  Viking  satellite  are  used  to  identify  auroral 
acceleration  structures  in  the  post-midnight  local  time  sector.  The 
locations  of  these  ion  acceleration  regions  arc  compared  to  four  particle 
boundaries  inferred  from  the  isotropic  electron  and  ion  fluxes.  In  the  post- 
midnight  region,  acceleration  structures  are  often  observed  to  occur  over  a 
substantial  width  in  latitude  (5°)  and  are  statistically  centered  about  a 
boundary  representing  the  poleward  edge  of  contiguous  energetic  ion 
fluxes.  The  position  of  this  boundary  with  respect  to  other  particle 
boundaries  and  as  a  function  of  magnetic  activity  are  also  examined. 
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1.  INTRODUCTION 


In  this  paper  we  consider  the  latitudinal  location  of  auroral  region  ion 
acceleration  relative  to  various  signatures  of  the  surrounding  plasma 
populations.  Previous  statistical  studies  have  determined  the  absolute 
latitudinal  positions  of  energetic  ion  outflow  as  a  function  of  local  time. 
Similar  statistical  investigations  have  been  performed  for  most  other  key 
auroral  zone  phenomena  such  as  electron  precipitation,  electric  field 
structure,  currents,  and  auroral  emissions.  However,  only  a  limited 
number  of  detailed  case  studies  have  explored  the  "instantaneous"  relative 
location  of  upflowing  ionospiieric  ions  in  the  context  of  other  auroral 
features.  Thus,  although  we  know  statistically  the  independent  latitudinal 
positions  of  many  auroral  zone  plasma  features,  there  is  not  a  sound  basis 
upon  which  to  draw  conclusions  regarding  their  "typical"  latitudinal 
relationship  to  auroral  ion  acceleration.  In  this  paper  we  hope  to  provide  a 
bridge  between  the  statistical  and  the  detailed  case  studies  by  examining  the 
"instantaneous"  relative  locations  of  ion  outflow  to  other  plasma  signatures 
over  a  fairly  large  number  (89)  of  polar  orbital  cuts  by  the  Viking  satellite. 

The  identification  of  auroral  zone  ion  acceleration  has  generally  relied 
upon  two  techniques:  the  direct  measurement  of  upflowing  ions,  observed 
above  or  within  the  acceleration  region,  and  the  inference  of  upward 
directed  parallel  electric  fields  above  the  spacecraft  from  electron  pitch 
angle  signatures  (e.g.  Cladis  and  Sharp,  1979;  Sharp  et  al.  1979).  The 
statistical  morphology  of  the  directly  measured  outflowing  ions  has  been 
extensively  characterized  using  data  from  S3-3  (Ghielmetti  et  al.,  1978; 
Gorney  et  al.,  1981;  Sharp  et  al.,  1983)  and  DE  (Yau  et  al.,  1984;  Yau  et 
al.,  1985;  Collin  et  al.,  1988).  The  average  local  time  and  invariant 
latitude  distributions  presented  in  these  studies  are  generally  consistent  with 
the  auroral  oval,  although  there  is  significant  variation  with  the  upflowing 
ions'  energy  and  pitch  angle  character  (beam  vs.  conic).  While  these 
studies  show  that  the  absolute  latitudinal  range  within  which  ion 
acceleration  is  observed  is  quite  large  (>  10  degrees),  examples  from 
individual  orbits  show  the  instantaneous  latitudinal  extend  to  be  highly 
variable,  from  less  than  1  degree  to  greater  than  5  degrees  (e.g.  Ghielmetti 
et  al.,  1978). 

Case  studies  addressing  the  latitudinal  location  of  auroral  ion 
acceleration  with  respect  to  the  high  latitude  signatures  of  various  plasma 
populations  have  provided  a  good  deal  of  insight  into  the  magnetospheric 
context  of  the  ion  acceleration  process  (Winningham  et  al.,  1975;  Heelis  et 
al.,  1980;  Mizera  et  ah,  1981).  However,  the  identification  of  latitudinal 
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structures  observed  by  polar  orbiting  satellites  with  features  that  have  been 
identified  in  the  equatorial  region  is  made  difficult  by  uncertainties  in  the 
magnetic  field  mapping  and  by  differences  in  the  measurements  imposed  by 
orbital  constraints.  An  excellent  review  by  Fcldstcin  and  Galperin 
summarizes  the  plethora  of  (sometimes  conflicting)  terminology  that  has 
been  applied  to  plasma  sheet  morphology  and  highlights  the  difficulties  in 
identifying  a  self  consistent  picture. 

In  this  paper  we  present  the  results  of  a  statistical  study  of  the 
latitudinal  location  of  ion  upflow  with  respect  to  the  signatures  of  the 
ambient  plasma  population,  as  observed  by  the  Viking  in  apogee  passes 
through  the  dawn-side  auroral  zone.  A  companion  paper  will  present 
complementary  dusk-side  results  from  S3-3  (Ghielmctti  et  al.,  1990) 


2.  DATA  SELECTION  AND  ANALYSIS 

The  data  used  in  this  study  were  acquired  by  the  V3  hot  plasma 
instrument  complement  aboard  the  polar  orbiting  Viking  spacecraft.  This 
satellite  was  launched  into  a  highly  eccentric  orbit  with  a  perigee  of  S17 
km,  apogee  of  -13500  km  ,  and  inclination  of  98  degrees  in  early  1986. 

The  spacecraft  was  spinning  in  a  near  cartwheel  mode  at  3  rpm  and  hence 
full  pitch  angle  distributions  were  obtained  every  20  seconds.  The 
instrument  included  a  set  of  three  electron  spectrometers  orientated  at  70, 
90  and  1 10  degrees  that  covered  the  energy  range  from  10  cV  to  40  kcV  in 
less  than  0.6  sec.  Two  ion  spectrometers  mounted  at  90  degrees  relative  to 
the  spin  axis  measured  the  total  ion  fluxes  in  the  range  from  40  eV  to  40 
KeV  with  the  same  temporal  resolution.  More  complete  descriptions  of  the 
instrumentation  are  given  in  Sandahl  et  al  (1985). 

The  data  selected  for  this  investigation  were  acquired  between  April 
24  and  June  2  1986.  During  this  40  day  period  the  satellite  orbit  crossed 
the  dawn  side  auroral  oval  at  high  altitudes  (>  11000  km),  thus  maximizing 
the  probability  for  ion  accelerations  below  the  satellite  (Ghielmetti  et  al., 
1978,  Gomey  et  al.,  1981).  For  the  present  study,  we  required  the  absence 
of  cusp  like  dispersion  signatures  in  the  ion  fluxes.  A  total  of  89  orbits  that 
met  the  above  criteria  provided  near  uniform  sampling  of  the  local  time 
region  from  -06.00  to  -08.00  MLT,  and  latitudes  from  65  to  80  degrees 
ILA  (Figure  1).  The  period  selected  is  characterized  by  generally  low 
magnetic  activity  and  is  near  the  minimum  of  the  solar  cycle. 

Ion  and  electron  microfiche  data  in  the  form  of  color  coded  energy¬ 
time  spectrograms  were  visually  scanned  for  signatures  of  upward  flowing 
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ions  (UFI),  and  for  presence  of  isotropic  fluxes  above  a  threshold  level. 

For  the  purpose  of  the  present  study  an  UFI  region  required  the  existence 
of  a  pitch  angle  anisotropy  with  flux  peaking  in  the  upward  direction  on  at 
least  two  consecutive  spins  for  ion  energies  >  100  cV.  Each  contiguous 
region  of  ion  upflow  was  characterized  by  its  extent  in  latitude,  die  typical 
energy  range  of  the  UFI's,  and  the  predominant  pitch  angle  type  (Field 
aligned  or  conical). 

In  addition  to  identifying  UFI  regions  within  each  orbit,  we  also 
defined  several  latitudinal  boundaries  for  the  ambient  plasma.  In  the  more 
cquatorward  high  latitude  region  ( <~  70  deg  ILA  )  the  keV  electron  fluxes 
observed  with  Viking  typically  decreased  gradually  with  decreasing  latitude 
and  did  not  exhibit  a  well  defined  flux  discontinuity.  Similarly,  the  fluxes 
of  >  1  keV  ions  were  typically  seen  down  to  the  lowest  latitudes  inspected 
(<  65  deg)  without  any  evidence  of  systematic  discontinuities.  As  a  result  it 
is  not  meaningful  to  define  an  "inner  boundary"  based  on  some  arbitrary 
flux  level  in  the  particle  distributions.  However,  at  higher  latitudes  both 
the  electron  and  ion  fluxes  at  energies  >  1  keV  typically  exhibit  one  or 
several  flux  discontinuities  that  can  be  used  to  define  a  "poleward 
boundary".  Although  structured  fluxes  of  lower  energy  (<  1  keV) 
electrons  were  often  seen  to  extend  even  further  poleward,  only  the 
energetic  plasma  boundaries  were  used  for  the  present  study. 

To  characterize  latitudinally  the  location  of  the  isotropic  energetic 
plasma  we  therefore  introduce  the  following  "boundary"  definitions 

1 .  Continuous  Electron  Boundary  fCEB):  The  most  poleward  latitude  at 
which  >=  1  keV  electron  fluxes  were  observed  continuously  at  lower 
latitudes  (no  gaps  or  flux  dropouts  at  lower  latitudes). 

2.  Poleward  Electron  Boundary  (PEB1:  The  most  poleward  latitude  at 
which  >=  IkeV  electron  fluxes  were  observed.  (By  definition,  PEB  is 
>=  the  CEB). 

3.  Continuous  Ion  Boundary  (CIBV.  Same  as  CEB,  but  for  ions. 

4.  Poleward  Ion  Boundary  CPIBk  Same  as  PIB,  but  for  ions. 

In  identifying  the  above  boundaries  a  flux  discontinuity  was  defined  as 
a  decrease  in  the  energy  flux  below  the  sensitivity  threshold  of  the 
instrument  lasting  for  multiple  (>=  2)  satellite  spins.  Figure  2 
schematically  illustrates  the  boundary  definitions  together  with  typical 
features  observed  in  the  electron  and  ion  fluxes. 
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To  illustrate  the  ion  end  electron  structures  encountered  we  present  in 
Figure  3  a  sample  energy-time  spectrogram  for  a  near  dawn  auroral  zone 
pass.  In  this  particular  case  the  CEB  was  identified  at  75.5  degrees  ILA 
and  the  PEB  at  80.3  degrees,  while  the  ion  boundaries  were  located  at  76.4 
degrees  (CIB)  and  80.0  degrees  (PIB).  Upward  flowing  ions  with  field 
aligned  pitch  angle  distributions  arc  seen  to  occur  on  every  spin  between 
about  17:22  and  17:32  hr  UT.  This  contiguous  region  of  ion  upflow  shows 
consistently  field  aligned  distributions  (beams)  with  energies  from  ~  0.1  to 
2  kcV,  while  the  flux  intensities  and  energy  distributions  vary  noticeably. 

In  the  present  survey,  the  distinction  between  beams  and  conics,  and  the 
energy  of  UFI,  arc  not  utilized,  although  as  described  above  they  were 
included  in  the  database. 


3.  RESULTS 

Figure  4  provides  an  overview  of  the  latitudinal  locations  of 
upflowing  ions  observed  over  the  period  of  study,  together  with  the 
simultaneously  identified  location  for  two  of  the  particle  boundaries.  For 
each  orbit,  the  invariant  latitude  rangc(s)  over  which  upflowing  accelerated 
ions  were  observed  arc  indicated  by  vertical  bars.  In  many  of  the  orbits 
multiple,  latitudinally  distinct,  regions  of  UFI  were  seen.  As  many  as  five 
separate  regions  of  UFI  were  resolved  during  individual  orbits,  indicative 
of  the  significant  amount  of  structure  in  the  acceleration  process.  Out  of 
the  89  orbits  studied,  only  4  contained  no  regions  of  UFI. 

The  polar  boundary  of  continuous  energetic  ions  (CIB),  as  defined  in 
Section  2,  is  represented  on  Figure  4  as  a  solid  line,  drawn  to  connect  the 
individual  sampling  points.  The  corresponding  boundary  for  electrons 
(CEB)  is  indicated  by  shading  at  latitudes  below  the  boundary.  The  ion 
boundary  is  seen  to  be  generally  poleward  of  the  electron  boundary,  with 
the  average  displacement  between  the  two  of  l.'1  degrees. 

Several  features  of  Figure  4  are  immediately  apparent.  First,  for 
individual  passes,  the  identified  regions  of  UFI  extend  over  a  latitudinal 
range  of  many  degrees.  Second,  the  UFI  seem  to  follow  the  locations  of 
the  isotropic  particle  boundaries  as  they  move  in  latitude.  Finally,  the  two, 
independently  determined,  particle  boundaries  track  each  other  fairly 
closely.  A  quantitative  analysis  supports  each  of  these  points,  as  will  be 
shown  below. 
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The  occurrence  frequency  distribution  in  one  degree  invariant  latitude 
bins  is  presented  in  Figure  5  for  the  UFI  identified  in  this  study  .  Both  the 
latitudinal  distribution  and  probability  values  arc  in  general  agreement  with 
previous  statistical  studies  of  the  latitudinal  distribution  of  UFI  (c.g. 

Gomcy  ct  al.,  1981;  Yau  ct  al.,  1984;  Collin  et  al.,  1988).  Although 
differences  in  instrument  energy  coverage,  altitude  range  of  sampling,  and 
phase  of  solar  cycle  make  a  quantitative  comparison  somewhat  difficult,  we 
can  conclude  that  the  distribution  of  UFI  identified  in  this  study  arc 
consistent  with  die  previous  results. 

As  with  previous  studies  of  UFI,  the  Viking  data  confirm  that  the 
acceleration  processes  that  arc  responsible  for  ion  outflow  arc  active  a 
large  fraction  of  the  lime.  Even  a  the  raw  distribution  in  invariant  latitude 
shows  probabilities  greater  than  60%  in  three  of  the  l  degree  latitude  bins. 

Much  more  sharply  peaked  distributions  are  obtained  when  the  UFI 
position  is  examined  relative  to  the  particle  boundaries  identified  for  each 
orbit.  Figure  6  shows  the  UFI  occurrence  frequency  in  1  degree  latitudinal 
bins  relative  to  the  CIB.  It  is  clear  from  comparison  with  Figure  5  that  a 
significant  degree  of  ordering  is  obtained  by  relating  the  UFI  positions  to 
the  CIB.  Clearly,  it  not  surprising  that  such  an  ordering  should  be 
obtained  with  respect  to  this  boundary,  or  with  respect  to  any  other  feature 
that  would  fr  expected  to  move  with  the  overall  enlargement  and 
contraction  of  the  auroral  oval.  Indeed  latitudinal  peaks  that  are  nearly  as 
sharp,  but  with  offsets,  are  obtained  when  the  UFI  positions  arc  measured 
with  respect  to  the  CEB. 

The  magnitudes  of  the  1  degree  UFI  probabilities  represented  in 
Figure  6  are  quite  impressive.  The  peak  probability  of  88%  that  is 
uncovered  by  comparison  to  the  continuous  ion  boundary  position  is 
significantly  higher  than  has  been  determined  by  previous  studies  of  ion 
upfiow,  which  have  looked  only  at  absolute  latitude  distributions  and  thus 
were  subject  to  significant  smearing  by  common  latitudinal  motion  of 
auroral  structures.  It  is  worth  noting,  however,  that  even  with  the  good 
ordering  shown  in  Figure  6,  there  are  still  5  1 -degree  bins  with  higher  than 
50%  probability  for  observing  UFI. 

From  inspection  of  Figure  4,  one  might  suspect  that  the  approximately 
5°  FWI-IM  distribution  with  respect  to  the  continuous  ion  boundary  (Figure 
6)  results  primarily  from  the  intrinsic  latitudinal  width  of  the  instantaneous 
UFI  distribution.  In  order  to  verify  this,  we  show  in  Figure  7  the 
occurrence  frequency  for  the  integrated  latitudinal  width  of  UFI  from  each 
orbit.  This  width  represents  only  the  sum  of  the  individual  UFI  segments 
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from  each  orbit  (not  the  difference  between  minimum  and  maximum 
latitudes  at  which  UFI  were  observed).  As  anticipated,  Figure  7  shows  that 
the  integrated  regions  of  UFI  most  commonly  occupy  an  "instantaneous" 
latitudinal  extent  of  4  to  5  degrees. 

The  isotropic  particle  boundaries  defined  in  Section  2  were  derived 
from  independent  observations.  In  order  to  examine  whether  a 
relationship  exists  between  these  boundaries  we  provide  in  Figure  8a  a 
scatter  plot  of  the  latitude  of  the  continuous  ion-  and  the  continuous 
electron  boundaries  (CIB  and  CEB)  for  all  orbits  within  the  data  set.  A 
linear  regression  analysis  yields  a  correlation  coefficient  r  =  0.86,  with 
n=85,  which  is  significant  at  <  0.01%.  This  good  correlation  suggests  that 
the  two  boundaries  move  in  concert.  The  CEB  is,  on  average,  offset  in  the 
cquatorward  direction  from  the  CIB  by  1.5°  The  correlations  between  the 
other  isotropic  boundaries  are  not  as  good  but  arc  nevertheless  significant. 

Further  analysis  shows  that  the  isotropic  particle  boundaries  move 
cquatorward  with  increasing  magnetic  activity.  Both  the  CIB  and  CEB  arc 
well  correlated  with  Kp  and  Ae.  A  particularly  good  correlation  is 
observed  for  the  CIB  (Figure  8b)  with  r=-0.64  at  <  0.01%  significance.  A 
weaker  but  significant  correlation  with  magnetic  activity  is  observed  for 
the  integrated  latitudinal  width  of  the  UFI  regions  from  each  orbit  (Figure 
9). 


4.  DISCUSSION 

The  above  observations  suggest  that  the  continuous  isotropic  partich* 
boundaries  as  defined  in  Section  2  may  be  useful  as  a  relative  markers  of 
the  latitudinal  location  of  the  auroral  zone  "plasma  sheet"  plasma.  They  do 
not  provide  a  definitive  position  of  the  polar  cap  boundary  nor  can  they  be 
used  to  infer  the  instantaneous  width  of  the  plasma  sheet.  However,  in  the 
absence  of  a  clear  identification  of  plasma  sheet  "edges",  which  is 
particularly  difficult  in  the  dawn  local  time  sector,  these  boundaries 
provide  useful  flags  for  locating  the  position  of  UFI's  and  may  prove 
equally  useful  in  defining  the  relative  locations  of  other  auroral  zone 
phenomena.  The  technique  provided  a  successful  ordering  of  UFI  using 
relatively  objective  milestones  which  do  not  require  an  interpretation  of  the 
plasma  features  in  terms  of  magnetospheric  morphology.  It  is  hoped  that 
this  method  can  be  used  equally  well  for  comparing  the  relative  positions 
of  other  auroral  zone  features. 
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We  note  several  features  about  the  UFI  distributions.  First,  the 
observed  occurrence  distributions  presented  in  Figures  5-7  must  be 
regarded  as  lower  limits  to  the  frequency  of  auroral  acceleration.  The  UFI 
technique  and  the  selection  criteria  used  here  identify  only  those 
acceleration  regions  that  generate  UFI  >  100  cV  at  altitudes  below  the 
spacecraft.  Observations  at  higher  altitudes  (e.g.  Collin  et  al.,  1988) 
demonstrate  that  a  significant  amount  of  acceleration  can  occur  above  the 
Viking  apogee. 

One  of  the  key  results  is  that  the  ’’instantaneous"  integrated  width  of 
UFI  is  typically  4  to  5  degrees  in  latitude  (Figure  7).  This  is  not  surprising 
from  examination  of  individual  particle  spectrograms  that  have  been 
published  over  many  years  from  various  polar  orbiting  spacecraft. 

However  the  mapping  of  this  extended  acceleration  region  into  the  outer 
magnetosphere  remains  a  challenge.  In  particular,  models  which  assume 
that  UFI  are  primarily  generated  within  very  narrow  structures,  such  as 
arc  associated  with  discrete  arcs,  arc  difficult  to  reconcile  with  the  data 
presented  here. 

A  further  result  of  interest  in  considering  the  magnetospheric  context 
of  the  acceleration  regions  is  the  shape  of  the  UFI  latitudinal  distribution 
with  respect  to  the  CIB  (Figure  6).  In  particular,  the  distribution  is  quite 
symmetric  about  this  boundary,  as  opposed,  for  instance,  to  rising  to  a 
cutoff  at  the  boundary.  This  contrasts  to  the  results  of  a  similar  study 
performed  in  the  dusk  local  time  sector  using  data  from  S3-3  (Ghielmetti  et 
al.,  1990).  If  one  assumes  that  the  CIB  is,  or  is  related  to,  a  geophysically 
meaningful  plasma  boundary,  then  one  might  consider  that  the  acceleration 
is  related  to  processes  occurring  at  or  near  to  the  boundary.  It  is  hoped 
that  future  comparisons  of  these  results  with  similar  studies  for  other 
auroral  zone  phenomena  will  help  to  shed  light  on  both  the  mapping  into 
the  outer  magnetosphere  and  on  the  causality  between  the  UFI  regions  and 
the  plasma  structures. 
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FIGURE  CAPTIONS 


FIGURE  1.  Invariant  latitude  and  magnetic  local  time  orbit  tracks  of 
Viking  for  the  89  auroral  zone  crossings  analyzed  in  this  study. 

FIGURE  2.  Schematic  spectrogram  illustrating  the  energetic  plasma 
boundary  definitions  used  in  this  study.  CEB  and  CIB  are  poleward 
boundaries  of  latitudinally  contiguous  fluxes  at  energies  greater  than  1 
keV  for  electrons  and  ions  respectively.  PEB  and  PIB  are  poleward 
most  limits  of  all  fluxes  with  energies  greater  than  l  keV. 

FIGURE  3.  Spectrogram  of  electron  (top  panel)  and  ion  (bottom)  panel 
fluxes  during  one  of  the  orbits  of  the  study  period. 

FIGURE  4.  Latitudinal  locations  of  observed  upflowing  ions  from  each 
orbit  arc  indicated  by  vertical  bars.  Many  orbits  contain  multiple, 
distinct  regions  in  which  UFI  were  observed.  The  poleward  boundary 
of  contiguous  isotropic  energetic  ions  is  indicated  by  the  solid  line. 

The  poleward  boundary  of  contiguous  energetic  electrons  is  denoted 
by  shading  below  the  boundary. 

FIGURE  5.  Occurrence  frequency  of  upflowing  ions  in  1  degree  bins  of 
invariant  latitude.  Background  shading  in  5  degree  increments,  is 
provided  to  guide  the  eye. 

FIGURE  6  Occurrence  frequency  of  upflowing  ion  in  1  degree  bins 
relative  to  "instantaneous"  position  of  poleward  boundary  of 
continuous  energetic  (1  keV)  ions.  The  distribution  with  respect  to 
this  boundary  is  significantly  more  peaked  than  the  raw  distribution  in 
invariant  latitude  (Figure  3). 

• 

FIGURE  7.  Occurrence  frequency  of  the  integrated  latitudinal  width  of 
all  regions  of  upflowing  ions  for  each  pass. 

FIGURE  8.  Scatter  plots  with  linear  regression  fits  for  the  Continuous  Ion 
Boundary  vs  the  Continuous  Electron  Boundary  (top  panel);  and  for 
the  Continuous  Ion  Boundary  vs.  the  AE  magnetic  activity  index 
(bottom  panel). 

FIGURE  9.  Scatter  plot  of  integrated  width  of  upflowing  ion  regions  vs. 
magnetic  activity  index  AE. 


Viking  Orbit  Tracks 


0pn}j}B"]  lUBUBAU) 

Fi?.  1 


CD 


CO 


CO 


LO 


A-12 


Magnetic  Local  Time 


INVARIANT  LATITUDE 


Poleward  Limit  of  Continuous 

UFI  >  1  keV  Plasma 


A-15 


DAY  OF  YEAR  1986 


TOTAL  LA 


TIT 


GS.00  67.00  69.00  71.00  73.00  75.00  77.00  79.00  01.00  03.00  85.00 


C-ELEONO 


UFIHIO 


AE 


FC 


? 


A-20 


APPENDIX  B 
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The  Latitudinal  Location  and  Extent  of  Ion  Acceleration  Regions  in  the  Post- 
Midnight  Sector. 


J.M.  Quinn.  A.  G.  Ghiclmctti  (Lockheed  Palo  Alto  Research  Laboratory,  3251  Hanover  St.,  Palo 
Alto,  CA  94304) 

R.  N.  Lundin,  (Swedish  Institute  of  Space  Physics,  Kiruna,  Sweden) 


We  report  on  the  latitudinal  distribution  of  accelerated  upflowing  ions  as  observed  in  a  scries  of 
passes  of  the  Viking  satellite  in  the  midnight  to  dawn  local  time  sector.  The  location  of  upflowing 
ions  is  compared  to  various  panicle  boundaries  inferred  from  electron  and  ion  signatures.  On  an 
orbit  by  orbit  basis,  the  ion  acceleration  is  found  frequently  to  extend  over  a  broad  latitudinal  range 
(several  degrees).  Typical  upflowing  energies  are  observed  to  be  less  than  or  on  the  order  of  l 
kcV.  The  Viking  results  are  compared  with  similar  observations  made  from  S3-3  in  the  dusk  local 
time  region  which  show  ion  acceleration  regions  occupying  50%  or  more  of  the  latitudinal  width  of 
the  plasma  sheet  approximately  1/3  of  the  time. 
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Ion  Heating  by  Broadband  Low-Frequency  Waves  In  The  Cusp/Cleft 


M.  Andrfc  (Swedish  Institute  of  Space  Physics,  University  of  Umca,  S-901  87  Umea,  Sweden) 
G.  B.  Crew  (MIT  Center  for  Space  Research) 

W.  K,  Peterson  (Lockheed  Palo  Alto  Research  Laboratory) 

A.  M.  Persoon  (Department  of  Physics  of  Physics  and  Astronomy,  University  of  Iowa) 

C.  J.  Pollock  (Space  Sciences  Laboratory,  Marshall  Space  Fp^u  Center) 

M.  J.  Engcbrcison  (Augsburg  College) 


Ion  conic  distribution  functions  are  often  observed  in  the  cusp/clcft  region  of  the  daysidc 
magnetosphere  by  the  polar  orbiting  DE-1  and  Viking  satellites.  We  show  that  these  ions  can  be 
heated  by  resonant  interaction  with  broadband  low-frequency  (near  the  ion  gyrofrcqucncy)  waves. 
Data  from  one  crossing  of  the  cusp/cleft  by  DE-1  is  studied  in  detail.  There  is  very  good 
agreement  between  the  onset  of  low-frequency  waves  and  the  onset  of  ion  heating.  Observed  cool 
0+  distributions  and  observed  wave  intensities  are  used  as  input  to  a  Monte  Carlo  simulation.  The 
theoretically  obtained  heated  0+  distributions  are  in  good  agreement  with  the  corresponding 
observed  distributions.  The  mean  ion  energies  of  about  200  eV  obtained  from  the  simulation  agree 
well  with  several  minutes  of  observations,  corresponding  to  a  distance  of  nearly  1000  kilometers 
along  the  satellite  orbit.  The  0+  distribution  functions  from  both  simulation  and  observations  show 
that  heating  near  the  equatorward  edge  of  the  cusp/cleft  region  is  rather  local,  while  ions  observed 
inside  this  region  may  be  heated  over  altitudes  of  several  thousand  kilometers.  This  resonant 
heating  by  broadband  low-frequency  waves  is  important  for  the  outflow  of  ionospheric  ions  into 
the  magnetosphere. 
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Coordinated  Observations  of  Low  Frequency  Wave  Turbulence  and  Ion 
Energization  during  a  Magnetosphcric  Substorm 


K.  Peterson.  H.  L.  Collin  (Lockheed  Palo  Alto  Research  Laboratory,  3251  Hanover  St.,  Palo 
Alto,  CA  94304),  G.  B.  Crew  (Center  for  Space  Research  MIT),  M.  Andrfc  (IRF,  Umen, 
Sweden),  J.  Woth  (IRF,  Kiruna,  Sweden),  P.A.  Lindqvist  (Royal  Institute,  Stockholm 
Sweden),  M.  J.  Engcbreison  (Augsburg  College),  A.  M.  Persoon  (University  of  Iowa),  and 
R.  E.  Erlandson  (APL) 


On  May  4, 1986  near  1200  UT  the  Dynamics  Explorer  -1  Satellite  crossed  the  mid-altitude 
(r/Re  ~  4.6)  morning  side  auroral  zone  at  1700  magnetic  local  time.  The  onset  of  a 
magnetosphcric  substorm  has  been  identified  in  the  Viking  images  at  1 153  UT.  About  5  minutes 
later  an  intensification  of  low  frequency  (less  than  2  Hz),  magnedc  and  electric  field  turbulence  was 
observed  on  both  satellites.  Perpendicularly  energized,  upflowing  ion  distributions  were  observed 
during  the  interval  of  intense  wave  turbulence  on  both  satellites.  The  mass  spectrometer  on  DE-1 
showed  that  the  heated  ions  on  the  morning  side  were  primarily  oxygen.  No  mass  spectrometer 
information  is  available  from  Viking  for  this  interval. 

These  observations  suggest  that  the  low  frequency  wave  turbulence  observed  between  -  1 156 
and  1 158  on  both  satellites  energized  upflowing  oxygen  ions  by  the  ion  cyclotron  resonance 
mechanism  and  that  the  intensification  of  the  turbulence  at  this  time  is  a  global  feature  related  to  the 
geomagnetic  substorm. 
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1,  Introduction. 

The  V3-DSF  contains  a  summary  of  the  Ion  and  electron  data  from  the 
Viking  spacecraft.  The  data  will  be  stored  on  the  DSF-tape  In  such  a  form 
that  a  detailed  analysis  with  physical  parameters  requires  updated 
calibration  factors  and  some  simple  computations  described  In  Appendix 
3.  The  Idea  of  Introducing  separate  computations  for  the  moments  of  the 
distribution  functions  was  to  allow  for  a  more  flexible  use  of  the  V3-DSF 
data,  as  well  as  to  facilitate  the  Identification  of  erroneous  data. 

Since  the  particle  data  requires  the  magnetic  field  as  a  reference 
parameter,  the  V3-DSF  also  contains  magnetometer  data  (the  Bx,By  and 
Bz  components  In  the  satellite  frame  of  reference  )  sampled  every  **  1.2  s. 
The  pitch  angle  of  the  particle  fluxes  can  then  be  easily  calculated  from 
the  scalar  product  formula  given  In  Appendix  5. 

V-3  DSF  Data  Block. 

A  schematic  of  the  V3-DSF  data  block  structure  Is  given  In  Appendix  1 
and  a  more  detailed  description  of  the  content  Is  given  In  Appendix  2. 

Each  data  block  contains  data  sampled  during  *  2 .4  s  for  electrons  (ESP 
1,  see  eg  the  Viking  blue  book),  positive  Ions  (PISPI/2)  and  low  energy 
H\He*  andO+  (from  ICS  1/2).  The  data  block  also  contains  some  Ion  fluxes 
of  selected  masses  from  the  time  of  flight  mass  spectrometer. 

The  E5P1  data  section  (word  10  to  17)  consists  of  accumulated  counts 
sampled  In  16  energy  levels  within  the  energy  range  *  0.01  to  40  keV.  The 
accumulated  counts  are  compressed  In  8  bit  words,  the  true  total  number 
of  counts  given  by  the  formula  In  Appendix  2.  The  E5P1  spectral 
Information  is  repeated  twice  In  each  data  block.  Thus  electron  spectral 
Information  will  be  given  with  a  time  resolution  of  *  1.2  s , 
corresponding  to  a  pitch  angle  Interval  of  about  2 1  *. 

The  PI5P1/2  data  section  (word  18  to  25)  has  a  data  structure  that  Is 
similar  to  the  ESP  I  section.  Notice,  however,  that  this  data  comes  from 
two  separate  Ion  spectrometers  with  a  great  difference  In  conversion 
factor  (see  Appendix  3). 

For  both  E5P1  and  PISPI/2  data  It  Is  necessary  to  use  separate  energy 
tables  depending  on  which  working  mode  the  Instrument  was  In.  The 
energy  tables  are  tabulated  In  Appendix  4.  Notice  that  the  modes  of 
operation  can  be  determined  by  word  4  In  the  D5F  data  block.  Particle 
fluxes  can  be  deduced  by  the  simple  formula  in  Appendix  3. 

Words  26  to  29  and  58  to  61  in  the  DSF  data  block  gives  some  partial 


19  September  1985 


moments  of  the  electron  distribution  function  (number  flux  and  energy 
flux  per  unit  solid  angle  within  the  energy  range  *  O.Ol  -40  keV)  deduced 
every  •*  0.6  s  (consecutive  readouts  denoted  *  1*  and  *2*  in  Appendix  l  >. 

Examples  of  how  net  currents,  energy  fluxes,  mean  energies,  and 
number  densities  can  be  deduced  from  these  partial  integral  quantities 
are  given  in  Appendix  3. 

In  a  similar  way  words  30  to  35  and  62  to  67  gives  the  partial  Integral 
quantities  for  Ions  of  some  selected  masses  integrated  over  the  energy 
range  *  0.05  -  20  keV/e.  The  integration  time  Is  here  *  1.2  s.  Notice  that 
the  partial  integral  quantities  are  written  as  16  bit  words  using  the 
special  floating  point  algorithm  In  Appendix  2. 

Words  36  to  41  and  68  to  73  in  the  DSF  data  block  finally  gives  the 
time  of  flight  data  for  some  selected  Ions  at  energies  >  30  keV.  The 
energy  level  for  each  sample  is  represented  by  the  E/q  step  word.  Again 
notice  that  accumulated  counts  are  obtained  from  the  algorithm  In 
Appendix  2  for  8  bits  data. 


C-3 


19  September  19B5 


APPENDIX- L 

V3  data  summary  file  block  ( 1 46  bvtes/blQck) 
word  < - 16  bits - > 


1 

2 

3 

1 

5 

6 

7 

8 

9 

10 
11 
13 
H 

15 

16 
17 
16 


22 


26 

28 

30 

31 

32 

33 
31 

35 

36 


11 

12 


73 
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vearl  dev  i  hour 

min  1  sec 

msec 

mod*  status 

status  error 

mode  change 

magnetometer  BY 

magnetometer  Bv 

magnetometer  B7 

N  -  1 

N-3 

ESP  1 
data 

N  -  15 

N  -  2 

ESP  1 

data 

N-  16 

N  *  1 

PISP  1 

N«  2 

PISP  1 

N  ■  6 

N-  1 

PISP  2 

H  -  2 

PISP  2 

N-6 

Electron  num 
Electron  num 
Electron  ener 
Electron  ener 
H+  numb 
He*  num 
0+  numb 
H+  ener< 
He+  ene 
0+  ener 

ber  flux  1 
ber  flux  2 
gyflux  1 
•gyflux  2 
er  flux 
ber  flux 
er  flux 
jy  flux 
■gy  flux 
ay  flux 

TOF  hf  (ctsl 

TOF  0+ 

E/q  step 

TOF  Z  >  1 

TOF  He+ 

H1T(M1+M2+A5) 

TOF  H+  (cts) 

TOF  0+ 

E/q  step 

TOF  Z  >  1 

TOF  He+ 
HIT(M1+M2+A5) 

As  above  for  frame  10-11 


(12) 

(13) 


2.1 


H 


2 
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word  content 

1  bits  H-15  :  year 

bits  5-13  :  diynumber 
bits  0-  A  :  hour 

2  bits  6-15  :  minute 

bits  0-  5  :  second 

3  milliseconds 

A  bit  11  :  in  flight  calibration  ( 1  -  on ) 

bit  10  :  preacceleration  ( 1  «  on) 

bit  8-9  :  mod#  atatua  ESP  (0-2) 

bit  6-7  :  mode  status  ICSI/2  (0-3) 

bit  <1-5  :  mode  status  SECPISP  (0-3) 

bit  2-3  :  mod#  status  PISP  (0-2) 

bit  0-1  :  mode  status  ICS3  (0-3) 

5  status  error  (  «0  <->  no  error) 

bit  0  -  1  «>  ESP  bit  1  «  1  «>  PiSP 

bit  2  -  f  ->  ICSI/2  bit  3  ■  I  *>  ICS3 

bit-4  -  1  ->  SECPISP 

6  mode  change  (  «0  <*>  no  change) 

bit  0  »  1  *>  ESP  mode  changed  bit  1  *  1  *>  PISP  mode  ch. 

bit  2  *  1  *>  ICSI/2  mod#  ch.  bit  3  *  1  *>  ICS3  mod#  ch. 

bit  A  «  1  ■>  SECPISP  mode  ch. 

7  Bx  magnetometer 

6  By  magnetometer 

9  B2  magnetometer 

10-  17  :  ESP1  data  (8  bits  data) 

18-21  JPISPI  data  (8  bits  data) 

22  -  25  :  PISP2  data  (8  bit?  data) 

26  Electron  number  flux  (  at  time  « t0  , 16  bits  data) 

27  Electron  number  flux  (  at  time  *  to+0.59  s  ,  16  bits  data) 

28  Electron  energy  flux  (  at  time  «  t0  , 16  bits  data) 

29  Electron  energy  flux  (  at  time  »  t0+  0.59  s  ,  16  bits  data) 

30  H+  number  flux  (16  bits  data) 

31  He1- number  flux  (16  bits  data) 

32  0+ number  flux  (16  bits  data) 

33  H+ energy  flux  (16  bits  data) 

3 A  H#+ energy  flux  (16  bits  data) 

35  0*  energy  flux  ( 16  bits  data) 

36-  -41  MICS/Y  data  (8  bits  data) 

AZ  -  73  As  above  for  word  10-  41,  starting  time(t0)  *1 . 185  s  after 
time  defined  in  word  1  -  3 

Word  1  -  73  is  repeated  56  times  per  record 

8  bits  data:  value  -  (IAND( IV,  15)+16.  )*2*»IAND(ISHFT(IY,H)t  I5)-16. 

16  bits  :  value  s  ( 1ANDC IV,  1 023 )+ 1 024 .  )*2**  IAND(  ISHFT ( IV, - 1 0 ) , 63 )- 1 024 . 
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Energy  levels  for  ESP  I  and  PI5P1/2: 

ESP!  (keV)  PI5P1  PISP2 


H 

ModeO 

Mode  1 

Mode  2 

(keV) 

(keV) 

1 

0 

0.09 

0.25 

0.057 

1.84 

2 

0 

0.16 

0.33 

0.090 

2.89 

3 

0.015 

0.24 

0.42 

0.139 

4.46 

4 

0.14 

0.37 

0.57 

0.216 

6.92 

5 

0.32 

0.55 

0.79 

0.334 

10.7 

6 

0.60 

0.78 

1.05 

0.520 

16.7 

7 

1.03 

1.20 

1.30 

0.806 

28.8 

6 

1.65 

1.75 

1.85 

1.25 

40.0 

9 

2.60 

2.50 

2.65 

10 

3.90 

3.90 

3.90 

11 

5.60 

5.60 

5.60 

12 

8.20 

8.20 

6.20 

13 

11.9 

11.9 

11.9 

14 

18.2 

18.2 

18.2 

15 

25.2 

25.2 

25.2 

16 

36.5 

36.5 

36.5 

Conversion  from  counts  to  fluxes: 


Flux  (cm-2  s'1  sr-1  keV"1):  J(E,f3)  -  R(E,B)  /  ts 

Number  Flux  (cm-2  s" 1  sr“ 1 ) :  0(B) «  N0(B)  *Kj 

Energy  Flux  (erg  cm-2  s" 1  sr“ ] ) :  ftB)  *  Nj<0)*  K2 


where: 


E2 

N0(B)  -  J  j(E,B)  dE 

El 

E2 

N^B)  *  J  E*j(E,B)  dE 

El 
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D  Is  the  pitch  angle,  E  Is  the  energy,  ts  Is  the  accumulation  time , 

R(E,I3)  is  accumulated  counts  ln.the  energy  channnel  E  and  pitch  angle  B, 
C(E)  Is  the  conversion  factor,  N(I3)  Is  the  number  of  counts  Integrated 
over  the  entire  energy  Interval  of  the  spectrometer,  and  Kj  and  l<2  are 

constants. 

Preliminary  Conversion  factors,  constants  and  viewing  directions. 

ESP  1 :  C(£)  *  5.7*10"s*  E  (cm2  sr  keV/cts) ;  E  In  keV 

K,  -  I. 

K2-  1.602*  1 0“12 
ts  -0.074  s 

(0.866,-0.500,0) 

PISP 1 :  C(E)  -  1 .8*  1 0-3  *  E  (cm2  sr  keV/cts) ;  E  In  ke V 
ts  -0.149  s 

S«  (0.866,-0.500,0) 

PISP2:  C(E)  -  1.4*10*^  *  E  (cm2  sr  keV/cts) ;  E  in  keV 
ts  -0.149  s 

S-  (0.866,-0.500.0) 

ICS  1/2:  K,  -  1. 

K2-  1.602*1 0“12 
S«(0,l.,0) 

Pitch  angle  calculation. 

The  pitch  angle  is  obtained  by  simply  taking  the  dot  product  of  the 
instrument  viewing  direction  £_and  the  magnetic  field  vector  ft  in  the 
magnetometer  frame  of  reference: 

C  -  cos-,(  BO 
where  B.  -  (Bx2  +  By2*  Bz2),/2 
and  fi*  (Bx,  By,  Bz) 


Moment  Calculations. 

Preliminary  values  of  some  hot  plasma  moments  and  other  related 
plasma  quantites  can  be  obtained  from  the  V3-D5F  using  the  following 
formulas: 
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Number  density  (N)  Is  obtained  from: 

-  tf 

N  -  C,  f  \  J(E,B)  E'1/2  sin  D  dB  dE  (cm-3) 
o  o 

where  Cj  ■  1.06M10"12 ,  E  Is  In  eV ,  B  Is  the  pitch  angle  and  the 

Integrations  are  performed  by  summing  over  the  1 6  energy  Intervals  and 
8  to  9  pitch  angle  intervals. 

16  8 

(eg  N  -  C,  1  2  j(E,,Dk)  Ef,/2  sin  Bk  Aflk  AEj  ) 

M  M 


Number  flux  (0)  is  obtained  from: 

71 

0  *  tiJ  0(B)  sin2fl  dB  (cm’2  s'1) 

0 

A  nonzero  value  of  0  means  a  net  transport  of  particles  ( within  the 
energy  range  of  the  measured  species)  parallel  or  antiparallel  to  the 
magnetic  field  direction.  Parallel  currents  can  be  deduced  from  the 
formula: 

i,«  l.602*IO“,9(ep  -0e) 

where  the  subscript  ‘p*  and  'e*  stands  for  positive  Ions  and  electrons 
respectively. 

Energy  flux  (E)  Is  obtained  from: 

TJ 

E  ■  ti  J  HO  sin2B  dB  (erg  cm'2  s'* ) 

0 

As  for  the  number  flux,  a  nonzero  value  of  the  energy  flux  means  a  net 
transport  (up  or  down)  of  energy  flux. 

Notice  that  a  calculation  of  the  particle  deposition  Into  the  upper 
atmosphere  requires  knowledge  of  the  loss  cone  half  angle  (Bc),  as  well 

as  a  detailed  Knowledge  of  eg  acceleration  processes  between  the 
satellite  and  the  upper  atmosphere. 

Finally  the  mean  energy  of  the  particle  flux  can  be  obtained  from: 

<£>«  flfl) /0(B) *6.24 *!On  (eV) 
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"The  Viking  Program" 


Eos.  Vol  G7,  no.  12,  Pages  793-705.  Ocwlicr  21.  Illflfi 


I  he  Viking 

r  Viking  Science  Team1 
oduction 

tlcn's  first  satellite,  Viking.  wji  iikku- 
aurtehcd  ort  February  22.  1986. at 01:11 
t wj*  carried  into  mint  with  the  French 
c  sensing  satellite  Sl’OT  by  an  Arianc  1 
:r,  launched  from  French  Guiana.  Vi* 
perigee  Ixxiu  motor  placed  thit  rela- 
small  satellite  (-520  Kg)  into  a  final  817 
15.527  Km  polar  orbit,  where  it  is  con- 
•X  Kientihc  tdnervathms  of  ctimjilex 
a  processes  in  the  magnetosphere  ami 
•here  of  the  earth.  The  satellite  carrier 
iment*  to  meaturc  electric  fieklt.  mag* 
foldt,  charged  partklcr,  waver,  ami  au* 
imager.  These  experiments  were  tup* 


•The  member*  of  the  ViKing  Science  Team 
are  lined  in  TaWe  3. 


o  *-  •—  o 


I  Fig  I.  A  Khematic  view  of  the  com¬ 
plex  plasma  processes  occurring  on  the 
geomagnetic  liner  that  couple  the  magne¬ 
tosphere  anil  auroral  ionosphere  (ailajitcil 
from  Sofntt  Definition  Working  Group, 
1979).  Viking  appear*  to  have  pasted  over 
a  similar  region  of  upward  (lowing  Sons 
and  wave  activity  during  an  orbit  on 
March  25,  I'JKti,  at  approximately  2(1:10 
U'l  and  at  a  7000  Km  altitude.  These  data 
■]  arc  discussed  further  in  the  article. 


Cover.  Artist's  view  of  Sweden's  first  sat¬ 
ellite,  Viking,  m  |xilaroilm  above  the 
earth.  Viking  was  launched  into  a  817-km 
X  I3.527.kui  |xilar  orbit  on  February  22, 
I9H0,  by  ait  Arianc  I  Ixmsicr  anil  is  pres¬ 
ently  tntitliit  ling  measurements  or  space 
plasma  phenomena  in  the  auroral  and  po- 
lar  regions.  The  location  of  the  Esrange 
ground  station  near  Kirtuia,  Sweden,  is  in¬ 
dicated  by  the  red  dot.  Fur  more  informa¬ 
tion  on  site  .Swedish  sp.oerr.ili  and  its  as- 
situated  m  lent ilu.  ex|teiitiicn(s,  sec  the  ar* 
title  "The  Viking  I'rogram"  by  the  Viking 
Science  Team,  p.  793.  Results  from  the 
Viking  mission  will  also  lie  presented  at 
the  AUU  Fall  Mccting/ASI.O  Winter 
Meeting  on  Monday,  December  8,  1986. 
For  details  on  scheduling,  see  the  meeting 
summary  chart  on  pages  799-802. 


Program 


plied  by  scientific  teams  from  Swcslcn,  Cana¬ 
da,  Denmark,  France,  Norway,  the  United 
States,  ami  the  Fesleral  Republic  of  Germany. 
All  booms  have  been  deployed.  *•!  ex.peri- 
ments  have  I  wen  activate*!  and  chcekcsl  out, 
and  they  arc  now  conducting  measurements. 

Telemetry  data  from  Viking  are  receives! 
and  processed  on  a  real  time  basis  at  the  Es- 
range  tracking  station  located  near  Ktruna, 
Swcslcn,  above  the  A  retie  circle  (the  red  circle 
sm  the  cover  ilhittraikm).  These  data  are  re¬ 
duced  and  displayed  by.computer  graphics 
lechnkiu:*  immediately  after  reception  at  the 
ground  station.  Scientists  engage  in  collabora¬ 
tive  analyst  of  the  space  plasma  phenomcrar 
at  nearly  the  instant  they  are  observed.  Spe¬ 
cial  “campaigns"  are  conducted  that  focus  on 
special  scientific  topics  and  coordinated  ob¬ 
servations  arc  made  with  surface,  balloon, 
rocket  ansi  other  satellite  programs.  The  Vi¬ 
king  program  is  unique  because  experiment 


TA8LK  I.  Viking  Orbit  Parameters 


Parameter 

Value 

Time  of  launch 

01:11:35  UT* 

Apogee  altitude,  km 

13,527  km 

Perigee  altitude,  km 

817  km 

Period 

262  min  (1.1  hn) 

Inclination 

98.8* 

Apogee  over  North  Pole  region  in  Summer 
19M;  over  South  Polar  Region  in  Summer 
1987. 

•On  February  22,  1986 


tntxlct  can  l<  changed  on  a  nearly  real-time 
baste  in  order  to  concentrate  on  sjiecisl  phe¬ 
nomena  that  may  lie  occurring  at  the  mo¬ 
ment.  Another  unique  feature  of  this  pro¬ 
gram  is  the  data  distribution  system  to  the  in¬ 
ternational  community  of  scientists.  A  series 
of  quick  look  plots  (QM'j  is  ptosiuced  ansi 
distributed  on  a  weekly  basis  to  any  xientist 
in  the  wotld  for  a  small  charge.  These  plots 
contain  summaries  of  the  information  ac¬ 
quired  by  all  Viking  hi*-' foments.  The  goal  is 
to  inspire  interest  lit  the  Viking  data  from  the 
international  scientific  community. 

Scientific  Objectives 

Northern  Scandinavia  is  among  the  mou 
favorable  places  on  earth  to  measure  phe¬ 
nomena  related  to  tnc  coupling  of  energy  be¬ 
tween  the  sun  and  outer  *|iace  with  the  lower 
atmosphere  and  ionosphere.  This  is  because 
the  auroral  tones  arc  the  fool  points  for  this 
energy  deposition,  which  can  reach  10" 
watts.  The  most  spectacular  manifestation  of 
thit  phenomena  it  the  northern  fighu  or  au¬ 
rora,  which  have  l wen  studied  for  centuries 
by  Scandinavian  scientists  such  at  Anden  Cel¬ 
sius,  Kristian  Kirkcland,  Christopher  Man- 
Steen,  Anders  J.  AngttrOm,  and  llanncs  Alf- 
v<n. 

The  auroral  regions  encompass  a  dynamic 
and  complex  system  of  plasmas  that  interact 
with  magnetic  fields  and  electric  currents. 
Figure  I  is  a  schematic  view  of  tome  of  these 
complicated  phenomena;  Viking  appears  to 
have  putted  over  this  type  of  configuration. 
The  Viking  program  is  directed  at  mulct- 
standing  large-scale  phenomena,  such  as  plas¬ 
ma  convection,  global  current  systems,  and 
auroral  morphology,  at  well  at  small-scat: 
and  mkrophyskal  problems,  including  parti- 


Tig,  2.  An  example  of  the  first  page  of  the  five-page  wr  of  Viking  QLPs  for  orbit  176 
on  March  25,  1986.  These  plots  are  produced  within  a  few  hours  of  the  data  acquisition  at 
the  Ksrangc  ground  station.  This  is  the  preliminary  form  of  the  Viking  data  that  is  being 
distributed  to  the  international  scientific  community.  See  the  text  for  details  of  these  data. 
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clc  acceleration  prix:  esses,  wavc-pankle  inter* 
actions,  shock  structure,  linc-structnrcd  cur- 
rente,  amt  auroral  kilomctric  radiation 
(AKK).  Viking  was  ejKiilirally  designed  to 
|ierlonn  Ingh-reMihiiioti  incasiirciiiciiis  id 
electric  fields,  magnetic  fictile,  energetic  par* 
tides,  plasma  waves,  and  ultraviolet  cutis* 
sions.  rite  orbit  was  chosen  to  sample  the  au¬ 
roral  plasmas  at  intermediate  altitudes  (1-2 
/(/)  that  arc  not  usually  explored  by  satellites 
and  where  a  wealth  id  interesting  processes  is 
predicted  to  occur,  including  the  key  mecha¬ 
nisms  rcs|>onsib!c  for  the  acceleration  of  au¬ 
roral  particles.  The  Viking  spaces  rail  and  its 
complement  id  msiiiimeuis  ate  tlcsriilx-d 
and  some  examples  ill  the  recently  acipiired 
data  arc  presented  in  this  article. 

The  Viking  Spacecraft 

The  Vikmg  spaceir.dt  in  its  deployed  con¬ 
figuration  is  illustrated  on  the  cover.  This 


drawing  shows  the  two  2-..vloug  radial  booms 
used  for  the  mac.,  lie  field  and  plasma  wave 
experiments,  Alsi  shown  are  the  four  40-m- 
long  wire  Ikxiiiis  imiI  tw<  Inn-long  axial 
Ixxuns  used  lor  the  eleitric  held  i‘x|M-rimeiit. 
The  lluxgale  mngiieiit  field  sensor  is  lixatcd 
at  the  end  of  the  this k  Ixxim  |xiinting  up, 
and  the  search  coil  magnetometer  sensor  is 
hxateil  at  the  end  of  the  thick  Ixxim  |Kiintiug 
down.  'I  he  “whisk-sha|X'd‘’  plasma  wave  an¬ 
tennas  ate  hx.ited  near  the  end  id  each  ligid 
Imhiiii.  I  he  sali'Hile's  spin  axis  is  |x:i  |K'iulicu- 
lar  In  die  two  ngiil  Ixxuns  and  is  appioxi- 
iiutely  hmi/miial  in  the  cover  drawing.  The 
p.n In  It-  iletei  tins  and  IIV  uiiagei  tamciasaic 
lixaied  wuii  die  solar  panels  along  the  many- 
sided  outside  edge  of  the  satellite,  and  their 
fields  of  view  are  directed  radially  away.  In 
its  stowed  launch  configuration,  Viking  was 
alxnit  (I.B  in  high  and  2  in  in  diameter:  it 
weighed  520  kg,  im  hiding  203  kg  lor  the 
|x;iigec  Ixxist  motor. 


1’owcr  is  supplied  by  eight  Ixxly-lixtd  solar 
arrays,  w.th  a  liattcry  tunvidiiig  backup  |xiw- 
er  dining  rilipsec  ’leiemetiy  is  provided  Isy 
an  -V  land  link  at  a  55-klni/s  data  rate.  I  Mia 
arc  received  cm  a  real-time  ban*  at  the  Ks- 
range  ground  station.  A  spin  rate  of  3  rpm  is 
maimaltied  by  magnetic  coil  innpicrs  com- 
mamlcd  I  Mini  die  grmimt,  .Some  oiliit  chainc- 
teiolxx  lor  Viking  ate  listed  in  ’I  able  I. 

The  Viking  Scientific 

Instruments 

VI;  Clcciric  Field  experiment 

‘I  hc  dc  electric  held  is  utcaititcd  by  three 
orthogonal  pairs  of  spherical  prnlics.  The 
prol<c  are  mounted  in  the  tips  «|  lour  -10-ui 
wire  Ixxmtt  lit  the  spin  plane  of  the  satellite 
and  at  the  tins  of  two  rigid  -t-rn  axial  Ixximc 
ahmg  the  spin  axis.  This  allows  the  jxmibility 
of  measuring  (he  instantaneous  thrcc-dimcn- 
sioual  electric  held  vector.  Otic  jair  of  probe* 
in  the  spin  plane  is  also  used,  on  a  time-shar¬ 
ing  liasis  with  the  laiw-Kropieuey  Wave  Kx- 
|ie(imcni  (V4L).  to  measure  plasma  density 
lluctuatiotis.  The  sampling  rate  of  the  VI  ex¬ 
periment  is  cither  53  or  llXi  samples  j<r  sec¬ 
ond. 

V2:  Magnetic  Field  Experiment 

'fhe  Viking  Magnetic  Fkhl  Kx|<rimcnt  in¬ 
cludes  a  lluxgatc  magnetometer  system  with 
the  scuvirs  uiouuted  on  a  2-tn  radial  Ixmiti  to 
reduce  *|iacccratt  rclatcrl  measurement  cr- 
rnrs.  The  ex|x:rimciit  hat  four  automatically 
Switchahle  ranges,  ftimt  *102-1  t»T  to 
*05.530  it  *'  (lull  stale)  and  resolutions  com- 
ini'iisuiaie  will i  a  I3.|»ii  analog  to  digital  (A I 
1))  t  snivel  in  in  suilt  laiige  (' <1,25  n  I  to  <H 
n  l  ).  Approxiinaicly  53  vedor  samples  are  ac¬ 
quired  |icr  second.  This  cx|>crimcui  is  similar 
to  the  AMI'ITVCCK  (Active  Maguctosphcric 
Tariklc  Tracer  Kxploter/Ohargcd  Oim|x>si- 
txm  Fixplotct)  magoetie  held  cx|x'riinent,  ex- 
cc|H  that  the  latter  instrument  has  three  addi¬ 
tional  ranges,  extending  to  *  10  iiT  (/’efemra 
tl  al.,  I!)H5|.  *fhe  Viking  Magnetic  and  Elec¬ 
tric  Fkhl  Exjicrinients  (V I  and  V2)  can  be 
sampled  at  the  same  rate.  (53  samples  |x:r  sec- 
uml)  to  determine  whether  the  variations  arc 
tine  to  line-scale  currents  or  waves. 

V3:  Hot  Plasma  Experiment 

I  hc  particle  cx|K.-timeul  consists  nl  a  large 
uuuilxtr  ofiiistruiucius  that  allow  measure¬ 
ments  of 

•  electrons  with  spectral  resolution  A£/£  — 
0.05.  from  10  cV  to  -(0  kcV; 

•  elec  trims  with  augolar  resnhilxiii  An  C  2* 
Irinn  0.1  keV  to  300  kr-V; 

•  energy  and  pitch  angle  distributions  of 
ions  A£/£  —  U.0H,  Aa  *5  0  from  40  cV  to  40 
kcV; 

•  three-dimensional  distribution  functions 
or  ions  from  the  satellite  |xitctilial  to  10  kcV; 
and 

•  coui|xisiiiou,  energy,  and  pilch  angle  dis¬ 
tribution  of  ions  up  to  10  McV/nucIcon. 

All  these  ineaMiieiiieiits  tail  lie  made  simulta¬ 
neously. 

V4L:  Low-Frequency  Wave  Experiment 

‘flic  wave  cx|x:riinciii  is  divided  into  two 
parts,  depending  ii|xm  the  lieipu-my.  'flic 
Low-Frequency  F.x|>criiiicnt  (V-tl.)  measures 


wavci  up  10  about  10  kHz.  VMt.  can  process 
simultaneously  two  wave  signals  that  may 
come  from  any  of  the  cleetrk  field  amcnnai, 
from  a  magnetic  loop  antenna  measuring 
lluctuationi  in  the  direction  of  the  »pin  axil, 
or  from  the  V I  experiment.  One  of  the  two 
signals  an  be  processed  by  an  onboard  DFT 
(digital  Fourier  transform)  analyzer  and  a  fil¬ 
ter  tuuk  comprising  three  fillers.  The  wave 
form  of  Unit  of  the  signals  an  be  sampled 
with  the  Nyquist  frequency  of  KM  Itz  or  -<28 
llz.  V-4L-  also  measures  the  plasma  density  by 
sweeping  one  of  the  density  probet. 

V4II:  High-Frequency  Wave 
Kx:perimcnt 

The  High-Frequency  Wave  Experiment 
(V-HI)  has  two  sets  of  eight  filters  each,  with 
(Ciller  I'rcqucnrics  from  4  kHz  to  512  kHz, 
and  a  pair  ofslcp|icd  frequency  analyzers 
from  10  kHz  to  500  kHz.  Analog  signals  are 
provided  by  one  of  the  electric  field  antennas 
or  limn  the  magnetic  limp  antenna.  There 
arc  also  mutual  imnedamc  aiuTrcsonaurc 
.sounder  experime  »t»  for  measurements  nr 
the  plasma  demur.  The  high-frequency  sig¬ 
nal  an  be  fed  through  the  DFr-analyzer  of 
\ML  This  increases  the  frequency  resolution 
from  I  kHz  to  100  llz  for  studies  of  the  line 
.structure  of  AKK. 

Y5:  Ultraviolet  Auroral  Imager 

An  important  link  between  the  ground- 
based  and  satellite-borne  measurements  is 


provided  by  the  Ultraviolet  At  ■  j.  mager 
(V5).  which  has  two  amcras  c  g  at  the 
wave  length  nf  Ol  (I3(M  A)  aim ...  the  Nj  l.y- 
man-Hirgc-Hopneld  (I.BII)  bands  in  the  re¬ 
gion  of  1-100-1600  A.  Typically,  an  image  is 
acquired  from  a  single  camera  every  -<0  sec¬ 
onds,  and  in  special  ascs,  one  picture  may  be 
transmuted  fur  every  spin  period  (20  s)  of 
the  satellite.  Tim  is  a  major  improvement 
compared  to  previous  satellites,  and  the  dy¬ 
namic  behavior  of  auroral  forms  may  be 
studied  at  much  shorter  time  constants. 

A  summary  of  the  capabilities  of  the  Viking 
scientific  instruments  is  given  in  Table  2, 
along  with  the  names  ol  the  prim  ip.il  invcsti- 
gators  lor  eatli. 

The  Viking  Ground  Station 

The  ground  station  of  Viking  is  loatcd  at 
Esrangc,  close  to  the  northern  border  of  Swe¬ 
den  (as  shown  m  the  cover).  Siiue  the  spate- 
null  i  ai  ties  no  tape  let  older,  uhvcrvatitiiit 
aic  aiquiii-d  only  when  it  is  in  view  ol  the 
tracking  Malum  Measiiicinciiis  tan  lie  made 
continuously  from  the  lime  when  Viking 
comes  dose  to  the  auroral  field  lines  (when  it 
is  alxivc  the  |x>lur  region)  until  the  time  when 
it  leaves  the  auroral  field  lines  on  the  other 
side  of  the  | Mile, 

A  central  computer  system  in  the  Esrangc 
station  piodttccs  raw  data  tapes,  data  summa¬ 
ry  files,  and  quick  look  plots.  A  scientific  cen¬ 
ter  is  in  place  at  the  ground  station  at  which 


experimenters  have  their  own  computer 
equipment  for  rapid  data  reduction,  testing, 
and  preliminary  analysis.  Special  Viking  cam¬ 
paigns  arc  scheduled  and  conducted  to  speed 
up  the  data  analysis  and  to  encourage  the  in¬ 
teractions  among  the  participating  scientific 
groups.  The  scientific  themes  of  the  am- 
paigns  have  been  planned  on  the  basis  ol  the 
region  c»T  gcotpacc  sampled  by  Viking  and 
the  possibilities  of  making  coordinated  mea¬ 
surements  with  ground-based,  balloon,  rock¬ 
et,  and  other  satellite  programs.  During  the 
campaigns  the  principal  scientists  and  the 
grmind-hased  community  arc  represented  at 
Esrangc.  This  allows  np|mrtiimiicv  for  discus¬ 
sion  ol  the  appropriate  satellite  modes  and 
for  exchanging  ideas  about  the  data  immedi¬ 
ately  after  they  have  been  received. 

Early  Viking  Data 

Figure  2  shows  an  example  of  the  first 
page  ol  a  Viking  quirk  look  plot  (Ql.P).  This 
shows  clef  1 1  u  and  magnetic  held  data  ac¬ 
quit  cd  by  Vikmg  mi  Man  It  25,  ItIHfi,  just 
over  a  month  alter  launch.  This  plot  was  pre¬ 
pared  within  a  few  hours  of  the  data  acquisi¬ 
tion.  (n  the  upper  left-hand  corner  is  a  polar 
invariant  laiitmlc/magnctic  local  tune  plot  of 
a  statistical  field-aligned  current  distribution 
\ljwui  mu!  I’ultmiu,  ID7(i)  with  Viking's  foot¬ 
print  and  tick  marks  corresponding  to  the 
scale  across  the  bottom.  Shown  on  the  hori¬ 
zontal  scale  are  universal  time,  magnetic  loal 
lime  (MLT),  invariant  latitude  (INV.  LAT),  L 


D-3 


value,  altitude  in  kilometers.  subspacecraft 
jiosition  latitude  ami  longitude  (SSI*  LAT  and 
SSI*  LONG)  in  geographic  degree*.  ami  the 
geographic  latitude  and  longitude  (xnitiou  nf 
the  geomagnetic  field  line  projected  from  Vi* 
king  s position  to  a  |O0-km  altitude,  deter* 
mined  by  using  the  ICRF80  model  (MCA  Or* 
ivwn  /  WetAmg  Cr.iufi  /,  I  (Ml), 

'Hie  trial  three  juncls  irt  Figure  -  pinv.de 
space  for  the  three  component*  of  the  mea* 
turctl  electric  field,  the  fourth  twncl  it  for 
the  pcak-lo-ftcak  value  during  a  1,2-s  inter* 
val,  and  the  fifth  panel  shows  the  negative 
sjwcecraft  |>otenital  w,th  rcrpcct  to  the  aver* 
age  of  tuo  electric  field  probet.  The  bottom 
three  |>ancU  show  the  meatured  magnetic 
field,  trantformed  from  the  tpinning  space- 
craft  refetence  frame  into  the  geographic 
tooth,  eatt,  and  radial  «int|Minentt  (talielled 
ttSOUTII,  It  EAST,  and  UKADlAL). 

The  complete  electric  field  vector  war  not 
meatured  during  the  orbit  ilia;  it  shown  in 
Figure  2  becaute  one  probe  pair  on  the 
tpacccraft  wat  tiled  by  the  Low-Frequency 
Wave  Experiment  (V(L)  for  meaturcmcni  of 
electron  density  lluctuationt.  Therefore  the 
three  electric  field  component  arc  not  plot¬ 
ted  in  the  appropriate  tpacct  ui  the  Ql.f 
thown  in  Figure  2  (i.e..  the  fim  three  panelt). 
However,  the  tpacccraft  jtotcnlial  was  mea¬ 
sured  anti  it  {dotted  in  the  fourth  {tattcl.  This 
it  the  negative  spacecraft  potential  meatured 
with  respect  to  the  average  of  two  electric 
field  proliet.  It  it  a  measure  of  the  electron 
density  multiplied  by  the  smiaic  root  of  the 
temperature.  Thit  jwtcmiai  lluctuates  rapidly 
during  both  crossings  of  the  auroral  oval,  es¬ 
pecially  near  the  northern  edge  ~75*  invari¬ 
ant  latitude  on  the  evening  side  and  between 
70*  and  80*  in  the  prenmm  sector. 

Hie  east-west  component  of  the  magnetic 
field  (BEAST)  it  the  most  appropriate  to  de¬ 
tect  perturbations  as.'oaatcd  with  large-sale 
Birkcland  currents.  A  large-scale  magnetic 
perturbation  can  be  seen  in  the  left  side  of 
the  BEAST  trace  near  21:00  MLT  and  ex¬ 
tending  from  about  6V  to  75*  invariant  lati¬ 
tude.  This  disturbance  it  about  ISO  nT  and  is 
related  to  the  large-sale  Birkcland  current 
systems  m  the  evening  set  tor.  A  complicated 
set  of  magnetic  |>ertuiba(ions  occurs  on  the 
da> side  near  08:(0  MLT  between  -76*  and 
73*  invariant  latitude.  These  perturbations 

I  are  associated  with  the  large-scale  Birkcland 
current  systems  in  this  sector.  These  observa¬ 
tions  were  acquired  near  Viking  apogee, 
where  v1"*  l>*  upling  ate  of  the  Magnetic 
Field  F  .33  Hz)  combined  with  the 

low  r  .  satellite  (3.3  km/s)  translates 

to  a  Spon-i  resolution  of  CO  in.  A  C0-m  hori¬ 
zontal  distance  at  Viking's  apogee  altitude  of 
about  2  Ur,  projects  along  geomagnetic  field 
I  lines  to  a  horizontal  distance  of  about  12  in 
;  near  the  earth's  surface. 

An  additional  three  pages,  displaying  data 
acquired  hy  the  energetic  panicle,  plasma 
wave,  and  imaging  experiment,  arc  included 
in  the  set  of  QLI’s  that  arc  presently  being 
distributed  for  a  small  charge  to  the  interna¬ 
tional  community  of  scientists.  Requests  for 
these  QLI's  should  be  addressed  to  the  Kiru- 
I  na  Gcojihysir.il  Institute,  Kirtiua,  Sweden. 
Figure’3  shows  ail  energy-time  s|>ectro- 
gram  plot  of  ion  and  electron  Duxes  mea¬ 
sured  by  the  Hot  Plasma  Experiment  (V3) 
during  orbit  I7C  (shown  in  Figure  2).  Energy 
in  thousands  ul  clctlitm  volts  (keV)  is  plotted 
on  the  venial  sale,  and  universal  time,  alti- 


TAB1.E2.  Viking  Scientific  Instruments 


FjH<rimcnt 


Ranges  Rcsnhitioit  Principal  Investigator 


VI  Electric  field 


V2  Magnetic  field 


Ion  Cimqxtsitiuu 
(laiw  f.ucrgy) 
ton  Composition 
(High  Energy) 


0-0.5  V/m 


*1,021  iii* 
•1.0%  nl 
-*  Iti.tK  I  n  I 


I  cV-70  keV/g 
10  CV/g-IO  Me V/ 


0.1  in Vfin;  (33 
or  106 
samplers) 

SO.  125  isT 
•or.  ui 

*2  III 
*8  it  I' 

(53  samples/s) 

16-128  enctgy 
steps;  AfVK  » 
0.5-0.25 
16-6-5  steps;  AF/ 
E  -  0.05-0.10 
8-32  .steps;  AWE 
•*  0.03-0.t8i 
IG-OT  steps:  AFV 
E  -  0.07-0.25 


s  65,536  n  l" 

V3  Hut  Plasma 

Electron  Sj>cctr<nnctcr  10  cV-300  keV 


Positive  Ion  Spectrometer  I  cV— (0  keV 


L.  Block,  Royal  Institute 
of  Technology, 
Stockholm 

T-  A  Potemta  ami  I-  J. 
Zaorlli,  Applied  I'hyvits 
ladmiatnty,  Johns 
Hopkins  Untvctsity. 
laurel.  Md. 

R.  Lutlihii,  Kiruna 
Grophvsicat  Institute, 
Kiruna.  Sweden 


V(l.  Low  Frequency  Waves  0-15  kHz 
Plasma  Density  (-3000  cm*’ 


C.  Custafsson,  Uppsala 
Ionospheric 
Observatory.  Uppsala, 
Sweden 


V-Ut  High  Frequency  10  kHz-512  kilt 

Waves 

V5  Ultaviolct  Auroral  1250-1(00  A  <50  km 

Imager  13(5-1000  A 

(one  image  every 

20-80  s) 


A.  Halmscn,  Danish  Space 
Research  Institute, 
Lyrigby 

C,  D.  Anger,  University 
of  Calgary,  Calgary, 
Canada 


_ TABLE  3.  The  Viking  Science  Team 

Rcseaieher(s)  Alliliation 


Ketitiu  Fredga  Swedish  lluuitl  lor  S|iacc  Activities, 

Solna.  Sweden 

L.  BjOrn  Swedish  Space  Cor|K>ration,  Solna, 

Sweden 


V/ 

L  Block,  C.-G.  Falthammar,  P.-A. 
Lindquist,  and  C.  Markland 

F.  Mn/rr 
A.  I'cdctseu 


Eltilne  FuU  F.xfxnmtnt 

Department  of  Plasma  Physics,  Royal 
Institute  of  Technology.  Stockholm, 
Sweden 

University  of  California,  Berkeley 
Spate  Science  Depaituieiit,  KSA-LSTEG, 
Noordwijk,  The  Netherlands 


V2 

T.  A.  Potemra,  L  J.  Zanetti.  P.  F. 

fiythrow,  and  K.  Krlandson 
M.  Acuna 

R.  BostrAm  and  G,  Custafsson 
M.  Sugiura 


A tapulic  Full  Exfxnwunt 

Applied  Physics  Laboratory,  Johns 
I  fnpkins  University,  laurel,  Md. 
NASA/Coddard  Space  Flight  Center, 
Crccnbcit,  Md. 

Uppsala  Ionospheric  Observatory, 
Uppsala,  Sweden 

Geophysical  Institute,  Kyoto  University, 
Kyoto,  Japan 


VJ  Hot 

R.  Lundin,  B.  Ilultqvist,  L 
Eliassnu,  and  I.  Sand. till 
F.  Soraas 

W.  Studciuauii,  B,  Wilkcti,  and  A. 

Kortli 

J.  B.  Blake  and  J.  Fennel 
D.  Bryant 
T.  Fritz 
D.J.  Williams 

J.  B.  Reagan  and  R.  D.  Sharp 

fro  nt. 


ul  Ex'xnmtnl 

Kiruna  Geophysical  Institute,  Kiruna, 
Sweden 

University  nf  Bergen,  Bergen,  Norway 

Max  Planck  Institute,  LimJau,  Federal 
Republic  of  Germany 

The  Aerospace  Corporation,  Los 
Angeles,  Calif. 

Rutherford  and  Appleton  Lalxtraiory, 
Chilton.  U.K. 

NOAA  Space  Eiiviioiuucul  Laboratory, 
Boulder,  Colo. 

Applied  Physics  Laboratory,  Johns 
Hopkins  University  Laurel,  Md. 

Lockheed,  Palo  Alto,  Calif. 

Pas') 


D-4 


TABLE  3.  (coni. ) 


Rcscarchcr(s) 


Affiliation 


W//  /ligh-frequensj  IV/iwi 

A.  Bahnscn,  M.  Jcspcrscn.  and  E.  Danish  Space  Research  Institute.  l.yngby 

Ungnrup 

R  rnnclcttc  Centre  »!c  Recherche  cn  Physique  tie 

|'Fuvtti<uuciticut  (CRI'E).  Saint 
Maur.  Frame 

R.  nostrum  ami  II.  Ilnlhack  Uppsala  Ionospheric  Observatory. 

Uppsala,  Sweden 

R.  Cendrin  CRI’E/Ccnttc  National  d'Etudes  ties 

T«li<otmmimcation«,  Paris 

IV/.  I.ou-Frejuenej  IVai'Ct 

C.  Giittafsson,  II.  Ilolback,  R.  Uppsala  Ionospheric  Observatory. 

RostrOnt.  G.  I  lotmgrcn,  and  1 1.  Uppsala,  Sweden 

Koskincn 

A.  Hahnsen.  M  Jes|»crsen,  ami  E.  Danish  Space  Research  Institute,  Lytigby 

Ungnrup 

M.  C.  Kelley  and  IV  M.  Kintner  Cornell  University,  Ithaca.  N.V. 

A.  Pedersen  Space  Science  Department,  ESA-ESTEC, 

Nmirdwijk,  The  Netherlands 

M  (Jltim-ioUt  Auroral  Imager 

Department  of  Physics,  University  of 
Calgary,  Calgary,  Canada 
I  lerxlscrg  Institute  of  Astrophysics. 
National  Research  Council  Canada, 
Ottawa 

Yotk  University,  Toronto.  Canada 

Earth  and  Spec  Sciences  Institute, 
University  of  Southern  California, 
Tucson,  Arir. 

Uppsala  Ionospheric  Observatory, 
Uppsala,  Sweden 

University  of  Calgary,  Calgary,  Canada 


C.  D.  Anger 

A.  Valla  nee  Jones.  C.  Creutiberg, 
K.  L  Gaitingcr,  ami  K.  K.  Harris 

(!.  (V  Shepherd  and  J.  C. 

McConnell 
A.  L.  Broadfoot 


C.  Custafsson 


LL  Cogger.  J.  W,  I  lasted,  J.S. 

Murphrcc,  and  D.  Venkatesan 
K.  |.  t.lcwellyri  ami  I).  J.  McF.w-n 

K.  II.  Richardson 

G.  Rostokcr 
G.  Witt 

R.  Pcllincn 
II.  Opgenoorth 


University  of  Saskatchewan,  Saskatoon, 
Canada 

Dominion  Astrophysics!  Observatory, 
National  Research  Council  Canada, 
Victoria 

University  of  Alberta,  Edmonton, 
Canada 

Meteorological  Institute,  University  of 
Stockholm,  Stockholm,  Sweden 

Ground-Based  Experiments 

Finnish  Meteorological  Institute, 
Helsinki 

Uppsala  Ionospheric  Observatory, 
Uppsala,  Sweden 


(tide,  invariant  latitude,  and  magnetic  local 
times  arc  given  on  the  horiiontai  Kale.  The 
observed  counts  per  readout  (a  measure  of 
pantile  flux)  arc  indicated  by  oilor.  These 
il.it.t  weir  .uipiiied  In-tween  20:311  UT  unit 
20:4  H  UT,  when  Viking  passed  over  the  eve¬ 
ning  auroral  zone  (see  Figure  2).  Auroral 
zone  particles  are  observed  until  alxnit  20:43 
UT,  when  the  |tol.ir  tap  is  emouutered.  The 
|>criori  limn  alrout  20:38  UT  to  20:43  UT  is 
characterized  by  strong  particle  acceleration, 
up  to  10  keV  for  the  electrons.  The  absence 
of  ion  beams,  with  the  exception  of  the  beam 
flowing  upward  at  20:311:30  UT.  indicates 
that  most  ol  the  atccler.ttioo  occuis  ultuve  Vi¬ 
king's  altitude  (ulruvc  7000  km  in  this  rase). 

Figure  4  is  2  display  of  the  low-frequency 
(V4L)  wave  data  acquired  during  the  orbit 
shown  in  Figure  2.  During  this  orbit  the  VII, 


experiment  used  two  density  probes  with  80 
m  separation.  The  spectrograms  in  the  two 
uppermost  panels  of  Figure  -4  provide  a  sur¬ 
vey  plot  ofs|icrira  throughout  the  entire  or¬ 
bit,  except  for  the  (icriori  lietwccu  20:50  UT 
ami  21:00  UT,  when  no  data  was  acquired  by 
this  instrument.  Data  from  the  boom  parallel 
to  the  magnetic  Field  are  shown  in  the  top 
panel,  ami  data  from  the  piolic  pcritciidirii- 
lar  to  the  magnetic  field  arc  shown  in  the 
panel  below.  The  frequency  range  plotted  on 
the  vertical  Kale  is  0-428  Hz.  The  spectro¬ 
grams  in  the  bottom  of  the  figure  display 
data  during  the  5.ininute  interval  20.37- 
20:42  UT  (from  the  bottom:  density  front 
probe  I,  cross  coherency  between  the  probes, 
and  density  from  probe  2).  The  frequency 
range  is  0  to  428  Hz  in  all  cases.  At  about 
20:40  UT,  lioth  prolies  measured  strong  tor- 


tiotemc  Utc  while  Itauds  in  the  middle  panel 
indicate  high  coherency  between  the  probes. 
The  "harmonic"  structures  at  about  20:37 
U! .  20  VI  30  tri .  ami  20  42  UT  arc  internal 
tutetfetemo  fnmt  the  remnant  sounder  ex¬ 
periment. 

Figure  5  shows  the  color  spectrogram  for 
the  data  acquired  by  the  High-Frequency 
Wave  Experiment  (V4IIJ  This  figutc  show* 
the  elestiH  ami  magnetic  (mtipmtcuit  m  the 
laittmii  anil  top  (unci',  respectively,  of  wave* 
between  0  ami  500  kHz  fplottcd  on  the  verti¬ 
cal  scale).  Flu*  segment  of  data  extends  from 
approximately  20:30  UT  to  20:50  UT.  near 
the  aiming  of  the  nightsidc  auroral  zone 
(»ec  Figutc  2).  The  mam  feature  is  the  devel¬ 
opment  of  an  AKR  event  near  20:40  UT, 
ami  several  thsonct  bursts  of  atiroral  hiss  arc 
also  evident. 

Figure  fi  shows  an  auroral  image  acquired 
hy  the  Ultraviolet  Auroral  Imager  Experi¬ 
ment  (V5)  at  approximately  20:47  UT  during 
the  same  mbit  discusKti  in  all  or  the  previous 
figures.  This  ts  a  reproduction  of  the  image 
received  and  processed  in  the  Esrangc  track¬ 
ing  station  on  a  nearly  real-time  basis.  A  com¬ 
puted  outline  of  Greenland  ami  Iceland  arc 
also  shown  in  Figure  G,  This  image  shows  the 
presence  ol  a  form  over  the  southern  lip  of 
Greenland  (the  bottom  it  dote  to  midnight) 
that  may  Ik-  interpreter!  as  a  western-travel¬ 
ling  surge  (WTS). 

I  here  data  hum  Viking's  complement  of 
scientific  experiments  arc  presented  here  to 
provide  an  indication  of  the  capabilities  of 
this  program.  A  more  detailed  analysis  of  the 
space  pi  hum  phenomena  ts  presently  under¬ 
way  ami  will  lie  presented  m  the  future. 

Summary 

The  latiurh  nf  Sweden's  firsi  satellite,  Vi- 
king,  must  lie  regarded  a  major  success  by 
any  measure.  'Flic  real-time  "campaign" 
mode  of  satellite  control  and  data  acquisition, 
the  unique  orbit,  and  the  unrestricted  and 
quick  divirihuiinu  of  summary  data  to  the  in¬ 
ternational  rtiuuiuiuiiy  of  scientists  make  the 
Viking  program  unique.  This  program  is  ex¬ 
pected  to  make  significant  contributions  to 
the  understanding  of  solar-terrestrial  physics 
and  space  plasmas.  These  contributions  will 
help  provide  the  background  and  Kt  the 
stage  for  the  International  Solar  Terrestrial 
Physics  (ISTP)  Program,  Khedtilcd  for  the 
last  decade  of  this  century. 
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